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GI 4 Figure (s) . 

FIG. 1 shows the effect of gasma- tocopherol and its 

metabolite, gamma -carboxy ethyl hydroxy chroman ( gamma - CEHC ) , on the 

volumetric comparison of total infarct with administration of 

gamma^ tocopherol and gamma -CEHC at the time of Middle 

Cerebral Artery Occlusion (MCAO) as described in Example 2. 
FIG. 2 shows the effect of gamma- tocopherol and its 

metabolite, gamma-CEHC, on the volumetric comparison of total infarct 

with administration of gamma- tocopherol and 

gamma-CEHC at reperfusion as described in Example 2. 
FIG. 3 illustrates 5 general formulas of tocopherol metabolites. 
FIG. 4 shows the effect of gamma- tocopherol on stroke 

protection as measured in cerebral ischemia MCAO 

model . 

AB The present invention provides compositions and methods for the treatment 
of cerebral ischemia. In particular, the present 

invention provides gamma-, beta-, or delta- tocopherol enriched tocopherol 
compositions and gamma-, beta-, or delta- tocopherol metabolite enriched 
compositions and methods for their use in preventing or treating a 



cerebral ischemic condition. The present invention also provides 

pharmaceutical compositions comprising gamma-/ beta-, or delta- tocopherol 

enriched tocopherol composition or a gamma-, beta-, or delta-tocopherol 

metabolite enriched composition in an amount effective to reduce 

neuronal damage related to a cerebral ischemic 

condition. 
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TI COMPOSITIONS AND METHODS FOR THE PREVENTION AND TREATMENT OF 
CEBEBRAL ISCHEMIA 

AB The present invention provides compositions and methods for the treatment 
of cerebral ischemia. In particular, the present 

invention provides gamma-, beta-, or delta-tocopherol enriched tocopherol 

compositions and gamma-, beta-, or delta-tocopherol metabolite enriched, 
or delta-tocopherol enriched tocopherol composition or a gamma-, 

beta-, or delta-tocopherol metabolite enriched composition in an amount 

effective to reduce neuronal damage related to a 

cerebral ischemic condition. 
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FIG. 1 shows the effect of gamma- tocopherol and its 

metabolite, gamma-carboxy ethyl hydroxy chroman (gamma-CEHC), on the 

volumetric comparison of total infarct with administration of 

gamma- tocopherol and gamma-CEHC at the time of Middle 

Cerebral Artery Occlusion (MCAO) as described in Example 2. 
FIG. 2 shows the effect of gamma- tocopherol and its 

metabolite, gamma-CEHC, on the volumetric comparison of total infarct 

with administration of C7 aroma- tocopherol and 

gamma-CEHC at reperfusion as described in Example 2. 
FIG. 3 illustrates 5 general formulas of tocopherol metabolites. 
FIG. 4 shows the effect of gamma- tocopherol on stroke 

protection as measured in cerebral ischemia MCAO 

model . 

ECLM . . . comprising administering to the subject an effective amount of a 

non-alpha tocopherol enriched tocopherol composition, and by said 

administering, reducing neuronal damage related to 

said cerebral ischemic condition. 
ACLM 2. The method of claim 1 wherein the non-alpha tocopherol enriched 

tocopherol composition is a gamma- tocopherol enriched 

tocopherol composition. 

3. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a gamma -tocopherol 
metabolite enriched composition. 

8. The method of claim 3 wherein said gamma- tocopherol 
metabolite is gamma-CEHC. 

11. The method of claim 1 wherein the cerebral ischemia 
is due to a spasm of the coronary vasculature. 

15. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol composition conprises at least 60% ganona- 
tocopherol . 

16. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol coitposition comprises at least 65% gamma- 
tocopherol • 

17. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol composition comprises at least 70% gamma- 
tocopherol • 



18- The method of claim 2 wherein said ganona- tocopherol 
enriched tocopherol con^osition comprises at least 75% gazmna- 
tocopherol . 

19. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol composition comprises at least 80% gamma- 
tocopherol • 

20. The method of claim 2 wherein said gasona' tocopherol 
enriched tocopherol composition con^rises at least 85% gamma- 
tocopherol . 

21. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol composition comprises at least 90% gasona- 
tocopherol . 

22. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol composition comprises at least 95% gazmna- 
tocopherol . 

23. The method of claim 2 wherein said gamma- tocopherol 
enriched tocopherol con^osition coir^rises at least 98% g«unma- 
tocopherol - ^ 

24. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 60% gamma- 
tocopherol metabolite. 

25. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 65% gamana- 
tocopherol metabolite. 

26. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 70% gamma- 
tocopherol metabolite. 

27. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 75% gamma- 
tocopherol metabolite. 

28. The method of claim 3 wherein said gamma- tocopherol 

metabolite enriched composition comprises at least 80% gamma- 
tocopherol metabolite. 

29. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 85% gamma- 
tocopherol metabolite . 

30. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 90% gamma- 
tocopherol metabolite. 

31. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 95% gamma— 
tocopherol metabolite. 

32. The method of claim 3 wherein said gamma- tocopherol 
metabolite enriched composition comprises at least 98% gaxnma- 
tocopherol metabolite . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a novel dithiocarbamamte disulfide dimer 
useful in various therapeutic treatments, either alone or in combination 



with other active agents. In one method, the disulfide derivative of a 
dithiocarbamate is coadministered with an agent that inactivates (or 
inhibits the production of) species that induce the expression of nitric 
oxide synthase to reduce the production of such species, while, at the 
same time reducing nitric oxide levels in the subject. In another 
embodiment, free iron ion levels are reduced in a subject by 
administration of a disulfide derivative of a dithiocarbamate (s) to 
scavenge free iron ions, for exan^le, in subjects undergoing 
anthracycline chemotherapy. In another embodiment, cyanide levels are 
reduced in a subject by administration of a disulfide derivative of a 
dithiocarbamate so as to bind cyanide in the subject. In a further 
aspect, the present invention relates to compositions and formulations 
useful in such therapeutic methods. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

DETD ... of inflammatory cytokines, toxic shock syndrome, adult 
respiratory distress syndrome, cachexia, myocarditis, autoimmune 
disorders, eczema, psoriasis, heart failure, dermatitis, urticaria, 
cerebral ischemia, systemic lupus erythematosis, AIDS, 
AIDS dementia, neurodegenerative disorders (e.g., chronic 
neurodegenerative disease), chronic pain, priapism, cystic fibrosis, 
amyotrophic lateral sclerosis, . 

DETD . . . range of disease states and/or indications, such as, for 

example, septic shock, hemorrhagic shock, anaphylactic shock, toxic 
shock syndrome, ischemia, cerebral ischemia^ 

administration of cytokines, overexpression of cytokines, ulcers, 
inflammatory bowel disease (e.g., gastritis, ulcerative colitis or 
Crohn's disease), diabetes, arthritis, asthma,. 
DETD . . . Fujimycin, Prograf, IL-2 fusion toxin, DAB. sub. 389IL-2, and the 
like), IL-4 antagonists (e.g., IL-4 fusion toxin, DAB. sub. 389IL-4, and 
the like) , immune-mediated neuronal dazaage 

inhibitors, irranunoglobins , inununostimulants (e.g., poly-ICLC, 
edelfosine, ET-18-OCH3, ET-18-0ME, and the like) , immunosuppressants 
(e.g., azathioprine, castanospermine, tacrolimus, FK-506, Fujimycin, 
Prograf, anti-leukointegrin. 
DETD . . . myocarditis, multiple sclerosis, diabetes mellitus, autoimmune 
disorders, eczema, psoriasis, glomerulonephritis, heart failure, heart 
disease, atherosclerosis, Crohn's disease, dermatitis, urticaria, 
ischemia, cerebral ischemia/ systemic lupus 

erythematosis, AIDS, AIDS dementia, chronic neurodegenerative disease, 
chronic pain, priapism, cystic fibrosis, amyotrophic lateral sclerosis, 
schizophrenia, depression, premenstrual. 
DETD [0196] Antioxidants contemplated for use in the above-described topical 
formulations include superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase, .gamma- -tocopherol 

, -alpha. -tocopherol, ubiquinol 10, ubiquinone 10, ascorbic acid, uric 
acid, glutathione, and the like. 

LIO ANSWER 3 OF 7 USPATFULL 
AN 2002:259473 USPATFULL 

TI Compositions and methods for the prevention and treatment of 

cerebral ischemia 
IN Miller, Guy Michael, San Jose, CA, UNITED STATES 

Brown, Lesley A., San Jose, CA, UNITED STATES 

Del Balzo, Ughetta, Morgan Hill, CA, UNITED STATES 

Flaim, Stephen, San Diego, CA, UNITED STATES 

Boddupalli, Sekhar, San Jose, CA, UNITED STATES 

Wang, Bing, Cupertino, CA, UNITED STATES 
PI US 2002143049 Al 20021003 

AI US 2001-20450 Al 20011214 (10) 

PRAI US 2000-256269P 20001215 (60) 

US 2001-296580P 20010606 (60) 

DT Utility 
FS APPLICATION 

LREP Gladys H. Monroy, Morrison & Foerster LLP, 755 Page Mill Road, Palo 

Alto, CA, 94304-1018 
CLMN Number of Claims : 57 



ECL Exen^lary Claim: 1 
DRWN 4 Drawing Page{s) 
LN.CNT 2288 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides compositions and methods for the 
treatment of cerebral ischemia. In particular, the 

present invention provides gamma-, beta-, or delta- tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta-tocopherol 
metabolite enriched compositions and methods for their use in preventing 
or treating a cerebral ischemic condition. The present invention also 
provides pharmaceutical con^ositions comprising gamma-, beta-, or 
delta-tocopherol enriched tocopherol con^osition or a gamma-, beta-, or 
delta-tocopherol metabolite enriched conposition in an amount effective 
to reduce neuronal damage related to a cerebral 
ischemic condition. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Compositions and methods for the prevention and treatment of 

cerebral ischemia 

AB The present invention provides compositions and methods for the 
treatment of cerebral ischemia. In particular, the 

present invention provides gamma-, beta-, or delta-tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta-tocopherol 
metabolite enriched. . . or delta-tocopherol enriched tocopherol 
composition or a gamma-, beta-, or delta-tocopherol metabolite enriched 
composition in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. 
SUMM [0002] This invention generally relates to compositions and methods 
comprising gamma- tocopherol and/or a metabolite 

and/or a derivative thereof; beta-tocopherol and/or a metabolite and/or 
a derivative thereof; and delta-tocopherol and/or a metabolite and/or 
derivative thereof, for preventing or treating cerebral 
ischemia in a mammalian subject. The invention also relates to 
methods of making such compositions. 
SUMM [0003] Ischemia may be defined as the loss of blood flow to a tissue. 
Cerebral ischemia^ also Icnown as strolce, is the 

interruption or reduction of blood flow in the arteries feeding the 
brain. Loss of. 

SUMM . . . 1501S-1509S. Alpha-tocopherol also functions as a scavenger of 
active nitrogen species (Halliwell et al. (1992) FEBS Lett. 313:62-66) 
and a gazDma~ tocopherol metabolite is an alleged 
natriuretic (Wechter et al . (1996) Proc. Natl. Acad. Sci . USA 
93:6002-6007). See also U.S. Pat. No.. . . 6,150,402; 6,083,982; 
6,048,891, and 6,242,479 specifically incorporated herein in their 
entirety. Alpha-tocopherol has been alleged to have an effect on 
cerebral ischemia. Yamamoto et al., 1983, Strolce, vol. 
14:977-982; Hara et al . , 1990, Brain Research, vol. 510:335-338; and 
Altura, et al . , 1996,. 

SUMM [0006] In the treatment of cerebral ischemia, free 

radical scavengers/antioxidants have been used to improve cerebral blood 
flow and/or neurological outcome. In general, the effects of these. 

(1991) Proc. Natl. Acad. Sci. USA 88:11158-11162. Other compounds, 
such as lubeluzole, have been shown to have clinical benefit for 
cerebral ischemia but with a very narrow margin of 
safety. Diener et al. (1995) Stroke 26:30. 

SUMM [0007] Cerebral ischemia is one of the major causes 

of human neurological morbidity and mortality with poor prognosis 
associated with stroke recovery. Thus, . . . for identification of 
effective compositions and methods which aid in the survival and 
recovery of cells during injury associated with cerebral 
ischemia or for mammalian subjects at risk for injury associated 
with cerebral ischemia. 

SUMM [0009] The present invention relates to compositions and methods for the 
treatment and prevention of cerebral ischemia in a 

mammalian subject. Accordingly, the present invention provides methods 
for treating and/or ameliorating the symptoms of a cerebral ischemic, 
comprising administering to the subject an effective amount of a 



non-alpha tocopherol enriched tocopherol composition, and by said 
administering, reducing neuronal damage related to 

said cerebral ischemic condition. In some embodiments, the non-alpha 
tocopherol enriched tocopherol composition is a gamma- 
tocopherol enriched tocopherol composition. In other 

embodiments, the non-alpha tocopherol enriched tocopherol composition is 
a gazmna- tocopherol metabolite enriched composition. 

In additional embodiments, the non-alpha tocopherol enriched tocopherol 
composition is a beta-tocopherol enriched tocopherol composition. In 
further. 

SUMM . . . occlusion of the cerebral vasculature and in other embodiments, 
the occlusion is due to a thromboembolis . In further embodiments, the 
cerebral ischemia is due to a spasm of the coronary 

vasculature. In additional embodiments, the cerebral ischemic condition 
is secondary to a. 
SUMM [0011] In some aspects of the present invention, a gamma 

tocopherol enriched tocopherol composition comprises at least 
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 
98% gamma tocopherol. In other aspects, a 

beta-tocopherol enriched tocopherol composition comprises at least 50%, 
at least 55%, at least 60%, at least. . . least 80%, at least 85%, at 
least 90%, at least 95%, or at least 98% delta-tocopherol . In further 
aspects, a gamma tocopherol metabolite enriched 

composition comprises at least 50%, at least 55%, at least 60%, at least 
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, or at least 98% gamma- tocopherol 
metabolite. In some embodiments, the gamma- tocopherol 

metabolite is gamma-CEHC. In other aspects, a beta-tocopherol metabolite 
enriched composition comprises at least 50%, at least 55%, at least. 

SUMM [0014] In other aspects the present invention provides gamma- 
tocopherol enriched tocopherol compositions comprising 
gamma tocopherol in an amount effective to reduce 
neuronal damage related to a cerebral ischemic 

condition. In further embodiments, the present invention provides 
beta-tocopherol enriched tocopherol compositions comprising beta 
tocopherol in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. In further 
embodiments, the present invention provides delta-tocopherol enriched 
tocopherol compositions comprising delta tocopherol in an amount 
effective to reduce neuronal damage related to a 
cerebral ischemic condition. 
SUMM [0015] The other aspects the present invention provides gamma*- 
tocopherol metabolite or derivative enriched compositions 
comprising a gamma tocopherol metabolite or 
derivative in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. In preferred 
embodiments, the gamma- tocopherol metabolite is 

gamma-CEHC. In further embodiments, the present invention provides 
beta-tocopherol metabolite or derivative enriched compositions 
comprising a beta tocopherol metabolite or derivative in an amount 
effective to reduce neuronal damage related to a 

cerebral ischemic condition. In further embodiments, the present 
invention provides delta-tocopherol metabolite or derivative enriched 
compositions comprising a delta tocopherol metabolite or derivative in 
an amount effective to reduce neuronal damage 
related to a cerebral ischemic condition. 

DRWD [0016] FIG. 1 shows the effect of gamma- tocopherol 

and its metabolite, gamma-carboxy ethyl hydroxy chroman (gamma-CEHC) , on 
the volumetric comparison of total infarct with administration of 
caznma— tocopherol and gamma-CEHC at the time of Middle 
Cerebral Artery Occlusion (MCAO) as described in Example 2. 

DRWD [0017] FIG. 2 shows the effect of gamma- tocopherol 

and its metabolite, gamma-CEHC, on the volumetric con^arison of total 
infarct with administration of gamma- tocopherol and 
gamma-CEHC at reperfusion as described in Example 2. 



. DRWD [0019] FIG. 4 shows the effect of gamma- tocopherol 

on stroke protection as measured in cerebral ischemia 
MCAO model. 

DETD . . . and non-naturally occurring mixtures of naturally-occurring 
compounds that can be used in nutritional and pharmaceutical 
conpositions that are protective in cerebral ischemia 
(stroke) , The present invention provides compositions and methods for 
preventing or treating cerebral ischemia, such as 

for example, by reducing neuronal cell death, reducing tissue edema, 
and/or reducing cognitive dysfunction associated with a cerebral. 
DETD [0021] The present invention provides gannna- tocopherol 

enriched tocopherol compositions, beta-tocopherol enriched tocopherol 

compositions and delta-tocopherol enriched compositions and methods for 

using such compositions. In preferred embodiments, the gamma- 

tocopherol enriched tocopherol compositions of the present 

invention comprise at least 50% gaimna- tocopherol, at 

least 55% gamma- tocopherol/ at least 60% 

gamma- tocopherol/ at least 65% gamma— 

tocopherol/ at least 70% gamma -tocopherol/ 

at least 75% ganoaoa- tocopherol f at least 80% 

gamma- tocopherol/ at least 85% gamma 

tocopherol/ at least 90% gamma- tocopherol/ 

at least 95% CT annua tocopherol and at least 98% 

gamma- tocopherol . Gamma- tocopherol 

enriched tocopherol compositions comprise less than 50% 
alpha-tocopherol, less than 45% alpha- tocopherol, less than 40% 
alpha- tocopherol, less than 35% alpha-tocopherol, . . . less than 20% 
alpha-tocopherol, less than 15% alpha-tocopherol, less than 10% 
alpha-tocopherol or less than 5% alpha-tocopherol. In some embodiments, 
gaiK&Da— tocopherol enriched tocopherol compositions 
comprise gamma- tocopherol as the sole active 

ingredient. As used herein, an "active ingredient" is one that is able 
to treat or prevent cerebral ischemia in a mammalian 
subject. In preferred embodiments, an active ingredient is able to 
reduce neuronal damage associated with 
cerebral ischemia at least about 30%, at least about 
40%, at least about 50%, at least about 60%, at least about 70%, . 
DETD [0022] In additional preferred embodiments, a gamma- 
tocopherol enriched tocopherol composition comprises 
gamma- tocopherol in an amount effective to reduce 

neuronal cell death, reduce infarct size, reduce tissue edema associated 
with the cerebral ischemic condition, and/or reduce cognitive 
dysfunction and may further comprise a gamma- 

tocopherol metabolite and/or derivative and may further comprise 
alpha-tocopherol, beta-tocopherol and/or delta- tocopherol, and/or other 
ingredients. In other preferred embodiments, the gamma— 
tocopherol enriched tocopherol compositions of the present 
invention comprise additional active ingredients, and/or additional 
non-tocopherols . In some embodiments of geunma- 
tocopherol enriched tocopherol compositions, the gamma 
-tocopherol and additional ingredient (s) provide a synergistic 
effect. Gamma- tocopherol and an additional 

ingredient are considered to be synergistic when their combined effect 
is greater than additive of the individual. 
DETD ... at least 75% beta-tocopherol, at least 80% beta-tocopherol, at 
least 85% beta tocopherol, at least 90% beta-tocopherol, at least 95% 
gamma- tocopherol and at least 98% beta-tocopherol. 

Beta-tocopherol enriched tocopherol compositions comprise less than 50% 
alpha-tocopherol, less than 45% alpha-tocopherol, less than, 
ischemic condition, and/or reduce cognitive dysfunction and may further 
comprise a beta-tocopherol metabolite and/or derivative and may further 
comprise alpha-tocopherol, gamma -tocopherol and/or 
delta-tocopherol and/or other ingredients. In other preferred 
embodiments, the beta-tocopherol enriched tocopherol compositions of the 
present invention comprise additional. 
DETD ... at least 75% delta-tocopherol, at least 80% delta-tocopherol, 
at least 85% delta tocopherol, at least 90% delta-tocopherol, at least 



95% gaxnma- tocopherol and at least 98% 

delta-tocopherol. Delta-tocopherol enriched tocopherol compositions 
comprise less than 50% alpha- tocopherol, less than 45% alpha-tocopherol, 
less than. . . and/or reduce cognitive dysfunction and may further 
comprise a delta-tocopherol metabolite and/or derivative and may further 
comprise alpha- tocopherol, beta- tocopherol and/or 
tocopherol and/or other ingredients. In other preferred 
embodiments, the delta-tocopherol enriched tocopherol coitqjositions of 
the present invention comprise additional active ingredients, . 

DETD [0025] Assays for measuring the effect of gamma- 

tocopherol enriched tocopherol compositions, beta- tocopherol 
enriched compositions and delta-tocopherol compositions are provided 
herein and are known to those of skill in. 

DETD [0026] In other aspects the present invention provides ganona- 
tocopherol metabolite or derivative enriched compositions, 
beta- tocopherol metabolite or derivative enriched compositions, and 
delta-tocopherol metabolite or derivative enriched coir^ositions, and 
methods for using such compositions. In preferred embodiments, the 

tocopherol metabolite, beta- tocopherol 
metabolite or delta-tocopherol metabolite enriched compositions of the 
present invention comprise at least 50% gamma-, beta-, or 
delta-tocopherol. . . least 90% gamma-, beta-, or delta-tocopherol 
metabolite or derivative and at least 95% gamma-, beta-, or 
delta-tocopherol metabolite or derivative, G axnma 
tocopherol/ beta-tocopherol or delta-tocopherol metabolite 
enriched compositions comprises less than 50% alpha- tocopherol, less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol , less, 
dysfunction. A gamma-, beta-, or delta-tocopherol metabolite or 
derivative enriched composition may further comprise tocopherol (s) . In 
other preferred embodiments, the gamma- tocopherol, 

beta-tocopherol or delta-tocopherol metabolite or derivative enriched 
compositions of the present invention comprise additional active 
ingredients, and/or additional non-tocopherols . In. 
DETD [0027] In illustrative embodiments disclosed herein a gamma- 
tocopherol enriched tocopherol composition and a gamma 
-tocopherol metabolite enriched composition are shown to 
reduce total infarct at the time of MCAO and at the time of 
reperfusion, . 

DETD [0029] "Cerebral Ischemia" or "cerebral ischemic" or 

"a cerebral ischemic condition" refer to a medical event which is 
pathological in origin, or to. . . against and flattens the arteries 
and veins inside the brain, thereby reducing their ability to carry 
blood through the brain. Cerebral ischemia may also 
occur as a result of macro- or micro-emboli, such as may occur 
subsequent to cardiopulmonary bypass surgery. 

DETD . . . and derivatives thereof) which are characterized by a 

6-chromanol ring structure and a side chain at the 2 position. A " 
gamma- tocopherol enriched tocopherol composition", 

"beta-tocopherol enriched tocopherol composition" or a "delta-tocopherol 
enriched tocopherol composition" as used herein refers to the 
particular. 

DETD [0033] gamma- tocopherol, 3, 4-dihydro-2, 7, 8-trimethyl- 

2- (4, 8, 12-trimethyltridecyl) -2H-l-benzyopyran-6-ol; 2,7, 8-trimethyl-2- 
{4,8, 12-trimethyltridecyl) -6-chromanol; 7, 8-dimethyltocol; 
o-xylotocopherol ; 

DETD . . . The term ". gamma . -CEHC" refers to the 2, 7, 8-trimethyl-2- ( .beta. - 
carboxy-ethyl) -6-hydroxy chroman, having a molecular weight of 264. This 
compound is a metabolite of .gamma* -tocopherol and 

its synthesis and properties are described in U.S. Pat. No. 6,083,982, 
incorporated herein by reference (where it is also. 
DETD [0042] By "gamma- tocopherol derivative" is meant 

gamma • -tocopherol metabolites and synthetic chroman 

derivatives including, but not limited to, . gamma . -CEHC, . gamma . -CEBC, 
racemic chromans, chroman methyl esters, chroman esters, chroman. 
DETD . . . and benzodipyran methyl ester, as well as .gamma. -CEHC and 
.gamma. -CEBC, described above, and compounds shown in FIG. 3 herein. 
Other gamma. -tocopherol metabolites and synthetic 



chroman derivatives may be known by those of skill in the art or will be 
discovered in. 

DETD [0044] In the body of a subject, gamma- tocopherol/ 

beta- tocopherol and delta- tocopherol break down into metabolites, 
including for example, the metabolites described in Wechter et al . U.S. 
Pat. Nos.. . . 6,150,402; 6,083,982; 6,048,891 and 6,242,479, 
specifically incorporated herein in their entirety. In particular, the 
present invention encompasses the use of gaxmna- 
tocopherol enriched tocopherol compositions that further 
comprise gamma- tocopherol metabolites such as 

gamma-CEHC, racemic gamma-CEHC and (S) gamma-CEHC. The general structure 
of other tocopherol metabolites are shown in FIG. 3. The present 
invention also encoitpasses the use of gamma- tocopherol 
metabolite enriched compositions that further comprise ganma- 
tocopherol . 

DETD . . . compositions include without limitation, beta-tocopherol 

enriched tocopherol compositions, beta-tocopherol metabolite enriched 
compositions, delta-tocopherol enriched tocopherol compositions, 
delta-tocopherol metabolite enriched compositions, gamma^ 
tocopherol enriched tocopherol compositions, gamma- 
tocopherol metabolite enriched compositions, epsilon-tocopherol 
enriched tocopherol compositions, zeta- tocopherol enriched tocopherol 
compositions, etc. 

DETD ... or "cytoprotective agents" are defined herein as compounds, 

mixtures, or formulations of compounds which are capable of preventing 

or treating cerebral ischemia/ such as by reducing 

neuronal damage or symptoms thereof, associated with a 

cerebral ischemic condition and/or cell damage due to cerebral 

ischemia. "Amelioration" means the prevention, reduction, 

palliation, or a counter-acting of the negative aspects of an ischemic 

condition or ischemic state.. 

DETD . . . symptoms of a cerebral ischemic condition and/or injury (ies) 
suffered by cells, tissues, organs and/or organisms that is induced 
secondary to cerebral ischemia. Cytoprotective 

activity and injury can be quantified in assays which measure results of 
injury such as death and inhibition of. 
DETD [0055] By "amounts effective to reduce neuronal damage 

associated with a cerebral ischemic conditions and/or symptoms due to 
cerebral ischemia" is meant that the cytoprotective 
agent or agents (e.g., gamma- tocopherol/ and/or 

beta-tocopherol, and/or delta tocopherol and/or a mixture thereof and/or 
derivatives and/or metabolites thereof) is present in a final 
concentration sufficient for reducing injury (ies) associated with a 
cerebral ischemic condition and/or symptoms due to cerebral 
ischemia* This amount includes, but is not limited to, a 
concentration which acts as a complete prophylaxis or treatment for a 
symptom of neuronal damage. An "effective amount" is 
an amount sufficient to effect beneficial or desired results. An 
effective amount can be administered in. . . least about 70%, even 
more preferably at least about 80%, and even more preferably at least 
about 90% reduction in neuronal damage* 
DETD [0064] Provided herein are gamma- tocopherol enriched 
tocopherol compositions comprising gamma- tocopherol 
that may further cort^rise gamma- tocopherol 
metabolites, and/or gamma- tocopherol derivatives 

and/or other tocopherols, eg, beta- and delta-tocopherol, for use as 
cytoprotectants against damage, injury (ies) and/or symptoms associated 
with cerebral ischemia. Also provided herein are 
gamma- tocopherol metabolite enriched compositions 
comprising gamma- tocopherol metabolite (s) that may 
further comprise gamma- tocopherol/ and/or 

derivatives thereof, and/or other tocopherol metabolites, for use as 
cytoprotectants against damage, injury (ies) and/or symptoms associated 
with cerebral ischemia. 
DETD . . . and/or beta-tocopherol derivatives, and/or other tocopherols, 
eg, gamma- and delta-tocopherol for use as cytoprotectants against 
damage, injury (ies) and/or symptoms associated with cerebral 



ischezoia. Also provided herein are beta-tocopherol metabolite 

enriched compositions comprising beta-tocopherol metabolite (s) that may 

further comprise beta-tocopherol, and/or derivatives thereof, and/or 

other tocopherol metabolites, for use as cytoprotectants against damage, 

injury (ies) and/or symptoms associated with cerebral 

ischemia. 

DETD . . . delta- tocopherol derivatives, and/or other tocopherols, eg 

gamma- and beta-tocopherol, for use as cytoprotectants against damage, 
injury (ies) and/or symptoms associated with cerebral 
ischemia. Also provided herein are delta-tocopherol metabolite 
enriched compositions con^rising delta-tocopherol metabolite (s) that may 
further comprise delta-tocopherol, and/or derivatives thereof, and/or 
other tocopherol metabolites, for use as cytoprotectants against damage, 
injury (ies) and/or symptoms associated with cerebral 
ischemia. 

DETD [0067] These compounds are present in the compositions in amounts 

effective to ameliorate the injury (ies) and/or symptoms associated with 
cerebral ischemia. Preferably gamma- 

tocopherol enriched compositions con^rise at least 50% 

gamma"tocopherol / at least 55% gamma ~ 

tocopherol, at least 60% gamma- tocopherol, 

at least 65% gamma- tocopherol, at least 70% 

gamma^ tocopherol , at least 75% gamma- 

tocopherol, at least 80% geunma- tocopherol, 

at least 85% gamma tocopherol, at least 90% 

gamma- tocopherol and at least 95% gamma- 

tocopherol. Gamma- tocopherol enriched 

tocopherol compositions may also comprise gamma- 

tocopherol derivative ( s ) and/or gamma 

tocopherol metabolite (s ) , and/or other tocopherol (s) and/ or 
mixtures thereof. Gamma- tocopherol enriched 

tocopherol compositions comprises less than 50% alpha-tocopherol, less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol, less than 35% 
alpha-tocopherol, . 
DETD [0068] Preferably, gamma- tocopherol metabolite 

enriched compositions comprise at least 50% gamma- 

tocopherol metabolite, at least 55% cramma— 

tocopherol metabolite, at least 60% cramma — 

tocopherol metabolite, at least 65% geumna- 

tocopherol metabolite, at least 70% gamma- 

tocopherol metabolite, at least 75% gsunma- 

tocopherol metabolite, at least 80% gamma- 

tocopherol metabolite, at least 85% gamma 

tocopherol metabolite, at least 90% gamma- 

tocopherol metabolite and at least 95% gamma- 

tocopherol metabolite. In preferred embodiments, gamma 

-tocopherol metabolite enriched compositions comprises less 

than 50% alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 

alpha-tocopherol, less than 35% alpha-tocopherol, . . . than 25% 

alpha-tocopherol, less than 20% alpha-tocopherol, less than 15% 

alpha-tocopherol, less than 10% alpha-tocopherol or less than 5% 

alpha-tocopherol. G aroma— tocopherol metabolite 

enriched compositions may also comprise gamma- 

tocopherol and/or a gamma tocopherol 

derivative (s) , and/or other tocopherol (s) and/ or mixtures thereof. 
DETD [0073] In illustrative examples disclosed herein, a gamma- 
tocopherol enriched composition (obtained from Sigma and 
comprising greater than 97% gamma- tocopherol ) and a 
gamma- tocopherol metabolite enriched composition, 
gamma-CEHC (greater than 98% gamma-CEHC) are able to reduce total 
infarct size when administered at the time. . . measured for various 
tocopherol containing compositions at MCAO and reperfusion as measured 
by the assay described in Example 2. A gamma— 
tocopherol enriched composition comprising greater than 97% 
gamma— tocopherol and administered IV at 6 mg/kg, at 

MCAO was able to reduce infarct size by 82% whereas an alpha-tocopherol 
containing. . . MCAO was able to reduce infarct by 42%. In additional 



experiments it was shown that for administration at MCAO, a 

tocopherol enriched composition was able to 
reduce infarct size by 81% when administered IV at 0.60 mg/kg and a 
delta-tocopherol containing. . . to reduce infarct size by 52%. In 
additional experiments, it was shown that for administration at 3 hours 
pre-MCAO, a gamma- tocopherol enriched composition 

was able to reduce infarct size by 77% when administered by gavage at 
10.00 mg/kg and a beta-tocopherol. . . at 10.00 mg/kg was able to 
reduce infarct size by 76%. It was also shown that gamma-CEHC enriched 
composition decreased neuronal damage by 50-65% in 
drug ranges 0.1-5 mg/kg when administered IV at MCAO. 

DETD ... by modifying the length of the side chain from that found in 
prototypical tocopherols such as alpha-, beta-, delta- and gamma 
-tocopherol. Tocopherols can also vary in stereochemistry and 
saturation of bonds in the ring structure and side chain. Additional 
tocopherol derivatives, . 

DETD [0075] Gamma- tocopherol metabolites and derivatives 

are disclosed in Wechter et al., U.S. Pat. No. 6,150,402; 6,083,982 and 
6,048,891. Other tocopherol metabolites or. 

DETD [0091] Specific examples of gamma- tocopherol 

metabolites include for example, gamma-CEHC: synonyms: 
6-hydroxy-2, 7, 8-trimethylchroman-2-propanoic acid and 

2, 7, 8-trimethyl-2- ( .beta . -carboxyethyl) -6-hydroxy chroman, and having 
formula: ##STR5## 
DETD [0146] In preferred embodiments of the present invention, gamma 
-tocopherol enriched tocopherol compositions include for 

example : 

DETD [0147] gamnna- tocopherol enriched composition 

comprising greater than 90% gamma- tocopherol and 

more preferably greater than 95% gamma- tocopherol; 
DETD [0149] gamma— tocopherol enriched composition 

comprising gamma-CEHC; 
DETD [0150] gamma- tocopherol enriched composition for 

intravenous injection comprising at least 50% gamma- 

tocopherol and delta- tocopherol; 
DETD [0151] gamma- tocopherol enriched composition for 

gavage administration comprising at least 50% gamma- 

tocopherol and beta-tocopherol; 
DETD . . . include without limitation the use of hippocampal cell assay, 

animal cerebral infarct assay and animal assay for behavioral recovery 

after cerebral ischemia- Gamma-, beta-, or 

delta-tocopherol enriched tocopherol compositions and gamma-, beta-, or 
delta-tocopherol metabolite enriched compositions suitable for the 
present invention. . . condition, reduction in infarct size, 
reduction in cognitive disorder as measured by the methods disclosed in 
the Examples. Reduction in neuronal damage 

associated with a cerebral ischemic condition is quantified at least 
about 30%, preferably at least about 50%, more preferably at. 

DETD [0155] It is well known that gamma- tocopherol is 

metabolized in vivo to form, for example, gamma-CEHC and gamma-CEBC, 
among other metabolites. In humans, this metabolite is thought. 

DETD [0159] In one aspect, methods of the present invention relate to 
preventing neuronal damage in a mammalian subject at 

risk of developing injury due to a cerebral ischemic condition, e.g. for 
example, by an infarct in the brain. The methods of reducing 
neuronal damage relate to minimizing the extent and/or 
severity of injury in the brain associated with or due to a cerebral 
ischemic condition by ameliorating or reducing the injury that would 
otherwise occur. The methods encompass administering a gamma- 
tocopherol enriched tocopherol composition and/or a 
beta-tocopherol enriched tocopherol composition and/or a 

delta-tocopherol enriched tocopherol composition and/or a gamma-, beta-, 
or. , . subject. The amount administered and the duration of the 
treatment are effective to minimize the size and/or severity of the 
neuronal damage in the mammalian subject as measured 
by for example, reduction in neuronal cell death and/or reduction in 
tissue edema associated. . . in infarct size. Thus, it is anticipated 



that as a result of such treatment the size and/or severity of any 
neuronal damage that develops is minimized. 
DETD [0160] The present invention provides prophylactic treatments for 
neuronal damage including cell death and/or presence 

of tissue edema and/or cognitive dysfunction and/or cerebral infarcts 
which may be due to ischemic, . . . gamma-, beta-, or delta- tocopherol 
metabolite enriched compositions of the present invention are 
administered to a subject at risk of experiencing neuronal 
damage associated or due to a cerebral ischemic condition, and 
ameliorates the severity of the damage, should it occur. The method is 
intended for a subject at risk of neuronal damage 

that is associated with, or results from, an acute or chronic medical 

condition. Such conditions might arise as a result. . . emergent 

medical condition such as a stroke or severe blood loss. Other 

conditions which place a subject at risk for neuronal 

damage associated with a cerebral ischemic condition include a 

genetic predisposition to stroke or a condition that is understood to 

increase. 

DETD [0161] Additional medical conditions that place a subject at risk for 

neuronal damage associated with or due to a cerebral 

ischemic condition include, but are not limited to, thrombosis; 

vasculitis (including collagen vascular. 
DETD [0162] Medical conditions that place a subject at risk of 

neuronal damage associated with or due to a cerebral 

ischemic condition due to intracranial hemorrhage include, but are not 
limited to, spontaneous. 
DETD . . . thereof, in an effective amount. With regard to a cerebral 
ischemic condition, an effective amount is one sufficient to reduce 
neuronal damage resulting from the cerebral ischemic 
condition. A reduction of neuronal damage is any 

prevention of injury to the brain which otherwise would have occurred in 

a subject experiencing a cerebral ischemic. 
DETD . . . supplements may also be incorporated into food stuffs, such as, 

functional foods designed to promote cerebral health or to prevent 

cerebral ischemia. If administered as a medicinal 

preparation, the composition can be administered, either as a 

prophylaxis or treatment, to a patient. 
DETD . . . and ex vivo use, a variety of concentrations may be used and 

various assays employed to determine the degree of neuronal 

damage, such as, for example, measurements of cell death, 

infarct size, and cognitive dysfunction. 
DETD . . . enriched tocopherol compositions, and/or gamma-, beta-, or 

delta- tocopherol metabolite enriched compositions, and methods using the 

compositions are capable of reducing neuronal damage 

associated with cerebral ischemia. These conditions 

can be induced experimentally by chemical interference or by changing 

the environmental conditions in the laboratory (e.g., by. 
DETD [0200] Various assays, compositions and methods useful for identifying 

compositions and methods for reducing neuronal damage 

are provided in the Examples , 
DETD [0220] In experiments carried out in support of the invention, 

gamma- tocopherol enriched tocopherol compositions and 

gamma-CEHC enriched compositions each provided at least 40% protection 
against hippocampal cell injury in the primary. 
DETD [0221] This assay is used to assess the efficacy of the test agents in 
protecting the brain against necrosis following cerebral 
ischemia induced in rats. Middle Cerebral Artery Occlusion 
(MCAO) is a widely used technique to induce transient focal 
cerebral ischemia in animal models. It has been 

demonstrated that the rat model of MCAO is an appropriate approximation 

of ischemic damage. 
DETD [0226] The following is a description of various ways by which 

gamma- tocopherol enriched tocopherol compositions and 

gaxnma tocopherol metabolite enriched compositions are 

administered in this assay. 
DETD [0263] When gamma- tocopherol enriched tocopherol 

composition (greater than 90% gamma- tocopherol) was 



administered I.V. at the time of MCAO, total infarct volume, total 
ischemic damage and cerebral edema were significantly reduced relative 
to that of control animals. Administration of the gamma- 
tocopherol metabolite, gamma-CEHC, I.V. at the time of MCAO also 
resulted in significantly reduced total infarct volume and total 
ischemic damage. . . the time of MCAO also resulted in reduced 
cerebral edema relative to that of control animals. Thus, administration 
of tocopherol enriched tocopherol 

composition or a Q'aiiuiLa tocopherol metabolite 

enriched composition provided protection to the brain against damage and 
effects associated with cerebral ischemia- 
DETD [0264] Administration of a gamma- tocopherol enriched 
composition or a gamma- tocopherol metabolite 

enriched composition at the time of reperfusion resulted in reduction of 
total infarct volume, total ischemic damage and cerebral. 
DETD [0265] The protective effects of alpha-tocopherol and delta-tocopherol 
were also assessed in the MCAO assay. At the same concentration, 
gamma- tocopherol was more effective in the reduction 

of total infarct volume and in the reduction of tissue edema than alpha- 
or . 

DETD Animal Assay for Behavioral Recovery after Cerebral 
Ischemia 

DETD [0266] This assay is used to assess the efficacy of the test agents in 
behavioral recovery after cerebral ischemia induced 

in rats. Clinical behavior evaluation includes neurological examination, 
sensomotor activity and learning and memory behavior testing. 
CLM What is claimed is: 

comprising administering to the subject an effective amount of a 
non-alpha tocopherol enriched tocopherol composition, and by said 
administering, reducing neuronal damage related to 
said cerebral ischemic condition. 

2. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a gsumna- tocopherol 

enriched tocopherol composition. 

3. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a gamma~ tocopherol 

metabolite enriched composition. 

8. The method of claim 3 wherein said gamma- tocopherol 

metabolite is garama-CEHC. 

11. The method of claim 1 wherein the cerebral 
ischemia is due to a spasm of the coronary vasculature. 

15. The method of claim 2 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
60% gamma- tocopherol. 

16. The method of claim 2 wherein said 

tocopherol enriched tocopherol conposition comprises at least 
65% gamma- tocopherol . 

17. The method of claim 2 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
70% gamma- tocopherol. 

18. The method of claim 2 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
75% gamma- tocopherol . 

19. The method of claim 2 wherein said gamma— 

tocopherol enriched tocopherol coit^osition comprises at least 
80% gamma- tocopherol • 



20. The method of claim 2 wherein said gamma 



tocopherol enriched tocopherol composition comprises at least 
85% gamma- tocopherol. 

21. The method of claim 2 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
90% gansna- tocopherol . 

22. The method of claim 2 wherein said gamma ~* 

tocopherol enriched tocopherol composition con^rises at least 
95% gamma- tocopherol • 

23. The method of claim 2 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
98% gamma- tocopherol. 

24. The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
60% gamma ~ tocopherol metabolite. 

25. The method of claim 3 wherein said gamma 

tocopherol metabolite enriched composition comprises at least 
65% gamma- tocopherol metabolite. 

26. The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition coitprises at least 
70% gamma ~ tocopherol metabolite. 

27. The method of claim 3 wherein said gamma 

tocopherol metabolite enriched composition comprises at least 
75% gamma— tocopherol metabolite. 

28. The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
60% gamma- tocopherol metabolite. 

29. The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
85% gamma— tocopherol metabolite. 

30. The method of claim 3 wherein said gsurana- 

tocopherol metabolite enriched composition comprises at least 
90% gamma tocopherol metabolite. 

31. The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
95% gamma— tocopherol metabolite. 

32 . The method of claim 3 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
98% gamma- tocopherol metabolite. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides compositions and methods for the 
treatment of tissue ischemia, and in particular, cerebral 
ischemia. In particular, the present invention provides gamma-, 
beta-, or delta-tocopherol enriched tocopherol compositions and gamma-, 
beta-, or delta-tocopherol metabolite enriched compositions and/or 
flavonoid enriched and/or a flavonoid derivative enriched compositions 
and methods for their use in preventing or treating a tissue ischemic 
condition or a cerebral ischemic condition. The present invention also 
provides pharmaceutical compositions comprising gamma-, beta-, or 
delta-tocopherol enriched tocopherol composition, a gamma-, beta-, or 
delta-tocopherol metabolite enriched coit^ositions or flavonoid enriched 
compositions or flavonoid derivative enriched compositions. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides compositions and methods for the 

treatment of tissue ischemia, and in particular, cerebral 
ischemia. In particular, the present invention provides gamma-, 
beta-, or delta-tocopherol enriched tocopherol compositions and gamma-, 
beta-, or delta-tocopherol metabolite enriched. 

SUMM [0002] This invention generally relates to compositions and methods 
comprising gamma- tocopherol and/or a metabolite 

and/or a derivative thereof; beta-tocopherol and/or a metabolite and/or 
a derivative thereof; delta-tocopherol and/or a metabolite and/or. 
SUMM [0003] Ischemia may be defined as the loss of blood flow to a tissue. 
Cerebral ischemia/ also Icnown as strolce, is the 

interruption or reduction of blood flow in the arteries feeding the 
brain. Loss of. 

SUMM . . . Res. Comm. Mol . Pathol. Pharmacol. 101:259-268; Gebicki et al. 
(1999) Biochem. J. 338:629-636. ROS are also produced in response to 
cerebral ischemia, including that caused by stroke, 

traumatic head injury and spinal injury. In addition, when metabolism 
increases or a body is. 
SUMM . . . 1501S-1509S. Alpha-tocopherol also functions as a scavenger of 
active nitrogen species (Halliwell et al . (1992) FEES Lett. 313:62-66) 
and a tocopherol metabolite is an alleged 

natriuretic (Wechter et al. (1996) Proc. Natl. Acad. Sci. USA 
93:6002-6007). See also U.S. Pat. Nos . 6,150,402; 6,083,982; 6,048,891, 
and 6,242,479. Alpha-tocopherol has been alleged to have an effect on 
cerebral ischemia* Yamamoto et al., 1983, Stroke, vol. 
14:977-982; Kara et al . , 1990, Brain Research, vol. 510: 335-338; and 
Altura, et al.,. 

SUMM . . . in a mammalian subject. The present invention also relates to 
compositions and methods for treating and/or ameliorating the symptoms 
of cerebral ischemia in a mammalian subject. 

Accordingly, the present invention provides methods for treating and/or 

ameliorating the symptoms of a cerebral ischemic. . . comprising 

administering to the subject an effective amount of a non-alpha 

tocopherol enriched tocopherol composition, and by said administering, 

reducing neuronal damage related to said cerebral 

ischemic condition. In some embodiments, the non-alpha tocopherol 

enriched tocopherol composition is a gamma- tocopherol 

enriched tocopherol composition. In additional embodiments, the 

non-alpha tocopherol is a gamma^ tocopherol 

metabolite enriched composition. In other embodiments, the non-alpha 
tocopherol enriched tocopherol composition is a beta-tocopherol enriched 
tocopherol coir^osition. In further. . . 1 to about 50 mg per kg body 
weight of said mammalian subject. In other aspects the present invention 



provides gaxmna- tocopherol enriched tocopherol 
conpositions comprising gamma tocopherol in an 
amount effective to reduce neuronal damage related 

to a cerebral ischemic condition. In further embodiments, the present 
invention provides beta-tocopherol enriched tocopherol compositions 
comprising beta tocopherol in an amount effective to reduce 
neuronal damage related to a cerebral ischemic 

condition. In yet further embodiments, the present invention provides 
delta-tocopherol enriched tocopherol compositions comprising delta 
tocopherol in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. 
SUMM . . . related to said tissue ischemic condition. In some embodiments, 
the tissue ischemic condition is selected from the group consisting of 
cerebral ischemia; intestinal ischemia; spinal cord 

ischemia; cardiovascular ischemia; myocardial ischemia associated with 
myocardial infarction; mycardial ischemia associated with CHF, ischemia 
associated. . . gangrenous conditions, post-trauma syndrome, cardiac 
arrest resuscitation, peripheral nerve damage or neuropathies. In some 
embodiments, the tissue ischemic condition is cerebral 
ischemia- In further embodiments, a composition comprises a 
beta-tocopherol in a range of about 1 to about 1000 mg per kg. 
SUMM . . . related to said tissue ischemic condition. In some embodiments, 
the tissue ischemic condition is selected from the group consisting of 
cerebral ischemia; intestinal ischemia; spinal cord 

ischemia; cardiovascular ischemia; myocardial ischemia associated with 
myocardial infarction; mycardial ischemia associated with CHF, ischemia 
associated. . . gangrenous conditions, post-trauma syndrome, cardiac 
arrest resuscitation, peripheral nerve damage or neuropathies. In 
further embodiments, the tissue ischemic condition is cerebral 
ischemia. In further embodiments, a composition comprises a 
delta-tocopherol in a range of about 1 to about 1000 mg per kg. 
SUMM . . . of a non-cardiovascular tissue ischemic condition in a 

mammalian subject, comprising administering to the subject an effective 
amount of a gamma tocopherol enriched tocopherol 

composition, and by said administering, reducing tissue damage related 
to said non-cardiovascular tissue ischemic condition. The present 
invention. . . of a non-cardiovascular tissue ischemic condition in a 
mammalian subject, comprising administering to the subject an effective 
amount of a gamma ^ tocopherol metabolite enriched 

composition, and by said administering, reducing tissue damage related 
to said non-cardiovascular tissue ischemic condition. In some 
embodiments, . . . ischemia associated with diabetic ulcers, 
gangrenous conditions, post-trauma syndrome, peripheral nerve damage or 
neuropathies. In some embodiments, a composition comprises gamma 
-tocopherol in a range of about 1 to about 1000 mg per kg body 
weight of said mammalian subject. In further embodiments, a composition 
comprises gamma- tocopherol in a range of about 1 to 
about 50 mg per kg body weight of said mammalian subject. In yet 
additional embodiments, a composition comprises gamma- 
tocopherol in a range of about 10 to about 100 mg per kg body 
weight of said mammalian subject. 
SUMM ... by said administering, reducing tissue damage related to said 
tissue ischemic condition. In some embodiments, the tissue ischemic 
condition is cerebral ischemia. In other 

embodiments, the tissue ischemic condition is cardiovascular ischemia. 
In further embodiments, the non-alpha tocopherol is selected from the 
group consisting of gamma- tocopherol, 

beta-tocopherol, delta-tocopherol, a gamma- tocopherol 
metabolite, a beta-tocopherol metabolite, and a delta-tocopherol 
metabolite. In further embodiments, the non-alpha tocopherol is 
geunma- tocopherol. In yet additional embodiments, the 
non-alpha- tocopherol is a gamma- tocopherol 

metabolite. In further embodiments, the composition comprises 

gaimna- tocopherol and two flavonoids. In yet further 

embodiments, the composition comprises gamma*' 

tocopherol/ quercetin and hesperetin. In yet additional 

embodiments, the flavonoid is metal chelated. In some embodiments, the 



composition cortprises gamma- tocopherol in the range 
of about 1 to about 1000 mg/kg body weight of mammalian subject, 
hesperetin in the range of. . . range of about 1 to about 1000 mg/kg 
body weight of mammalian subject. In yet additional embodiments, the 
composition comprises gaznma- tocopherol in the range 
of about 1 to about 50 mg/kg body weight of mammalian subject, 
hesperetin in the range of. . . a range of about 1 to about 25 mg/kg 
body weight of mammalian subject. In further embodiments, the 
composition comprises gamma- tocopherol in the range 
of about 10 to about 100 mg/kg body weight of mammalian subject, 
hesperetin in the range of. 
SUMM [0021] In some aspects of the present invention, a gamma 

tocopherol enriched tocopherol composition comprises at least 

50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 

95% gaznma~' tocopherol, or at least 98% gamma 

-tocopherol. In other aspects, a beta-tocopherol enriched 

tocopherol composition comprises at least 50%, at least 50%, at least 

70%, at least. . . 70%, at least 80%, at least 90%, at least 95% 

delta-tocopherol, or at least 98% delta-tocopherol . In further aspects, 

a gamma tocopherol metabolite enriched composition 

comprises at least 50%, at least 60%, at least 70%, at least 80%, at 
least 90%, at least 95%, or at least 98% gamma*" 
tocopherol metabolite. In some embodiments, the gamma- 
tocopherol metabolite is gamma-CEHC. In other aspects, a 
beta-tocopherol metabolite enriched composition comprises at least 50%, 
at least 60%, at least. 
SUMM [0022] The present invention also provides compositions comprising a 
non-alpha tocopherol and a flavonoid in amounts effective to reduce 
neuronal damage related to a cerebral ischemic 

condition. In some embodiments, the composition comprises hesperetin or 

quercetin. In other embodiments, the composition comprises gamma 

-tocopherol, hesperetin or quercetin. In yet further 

embodiments, the composition comprises diosmin and gamma- 

tocopherol. In yet further embodiments, the composition 

comprises delta-tocopherol and hesperetin. In yet further embodiments, 

the composition comprises gamma- tocopherol and 

biochanin A. 

DRWD [0024] FIG. 1 shows the effect of gamma- tocopherol 

and its metabolite, gamma-carboxy ethyl hydroxy chroman (gamma-CEHC), on 

the volumetric comparison of total infarct with administration of 

gamDia~ tocopherol and gamma-CEHC at the time of Middle 

Cerebral Artery Occlusion (MCAO) as described in Example 2. 
DRWD [0025] FIG. 2 shows the effect of gamma- tocopherol 

and its metabolite, gamma-CEHC, on the volumetric comparison of total 

infarct with administration of gamma- tocopherol and 

gamma-CEHC at reperfusion as described in Example 2. 
DRWD [0028] FIG. 5 shows the effect of gamma- tocopherol 

on stroke protection as measured in a cerebral 

ischemia MCAO model. 
DETD ... of naturally-occurring compounds that can be used in 

nutritional and pharmaceutical compositions that are protective in 

tissue ischemia, such as cerebral ischemia (stroke) 

and mycardial injury subsequent to ischemia or hypoxia. The present 
invention provides compositions and methods for treating and/or 
ameliorating the symptoms of tissue ischemia, such as for example, 
cerebral ischemia, cardiovascular ischemia, spinal 

cord ischemia, intestinal ischemia, liver ischemia, kidney ischemia, 
dermal ischemia, and other tissue ischemias by for example. . . size 
associated with myocardial ischemia. The present invention also provides 
coirpositions and methods for treating and/or ameliorating the symptoms 
of cerebral ischemia, such as for example, by 

reducing neuronal cell death, reducing tissue edema, and/or reducing 
cognitive dysfunction associated with a cerebral. 
DETD [0032] The present invention provides gamma- tocopherol 

enriched tocopherol compositions, beta-tocopherol enriched tocopherol 
compositions and delta-tocopherol enriched compositions and methods for 
using such con^ositions . In preferred embodiments, gamma- 



tocopherol enriched tocopherol compositions of the present 

invention comprise at least 50% gannna^ tocopherol/ at 

least 55% tocopherol/ at least 60% 

gamma'' tocopherol / at least 65% gamma ~ 

tocopherol/ at least 70% gamma- tocopherol/ 

at least 75% gaxmna- tocopherol/ at least 80% 

gamma- tocopherol/ at least 85% gamma 

tocopherol/ at least 90% gamma- tocopherol 

and at least 95% gamma- tocopherol - Gamma~ 

tocopherol enriched tocopherol compositions comprise less than 

50% alpha- tocopherol, less than 45% alpha- tocopherol, less than 40% 

alpha- tocopherol, less than 35% alpha- tocopherol, . . . than 20% 

alpha-tocopherol, less than 15% alpha- tocopherol, less than 10% 

alpha-tocopherol or less than 5% alpha-tocopherol. In some embodiments, 

a gamma— tocopherol "enriched" tocopherol composition 

comprises gsunma- tocopherol as the sole active 

ingredient. As used herein, an "active ingredient" is one that is able 
to treat and/or prevent. . . an amount effective to reduce cell 
death, reduce infarct size, reduce tissue edema associated with the 
ischemic condition, and/or in cerebral ischemia, 
reduce cognitive dysfunction and may further comprise a gamma- 
tocopherol metabolite and/or derivative and may further comprise 
additional tocopherols and/or other ingredients. 
DETD [0033] In other embodiments, the gamma- tocopherol 

enriched tocopherol compositions of the present invention comprise 
additional active ingredients, and/or additional non-tocopherols • In 
some embodiments of gamma- tocopherol enriched 
tocopherol compositions, the Qamroa~ tocopherol and 
additional ingredient (s ) provide a synergistic effect. Gamma- 
tocopherol and an additional ingredient are considered to be 
synergistic when their combined effect is greater than additive of the 
individual. . . tocopherol and a flavonoid selected from the group 
hesperetin, quercetin, diosmin and biochanin A. In other embodiments, 
the composition comprises gcunma- tocopherol, 

hesperetin or quercetin. In yet further embodiments, the composition 
comprises diosmin and gaxnma- tocopherol . In yet 

further embodiments, the composition comprises delta -tocopherol and 
hesperetin. In yet further embodiments, the composition comprises 
gaxxnoa^ tocopherol and biochanin A. 
DETD . . . cell death, reduce infarct size, reduce tissue edema associated 
with the ischemic condition, and/or reduce cognitive dysfunction, such 
as in cerebral ischemia and may further comprise a 

beta-tocopherol metabolite and/or derivative and may further comprise 
additional tocopherols and/or other ingredients. In other. 
DETD . . . cell death, reduce infarct size, reduce tissue edema associated 
with the ischemic condition, and/or reduce cognitive dysfunction, such 
as for cerebral ischemia and may further comprise a 

delta-tocopherol metabolite and/or derivative and may further comprise 
additional tocopherols and/or other ingredients. In other. 

DETD [0036] Assays for measuring the effect of gainma- 

tocopherol enriched tocopherol compositions, beta-tocopherol 
enriched compositions and delta-tocopherol compositions are provided 
herein and are known to those of skill in. 

DETD [0037] In other aspects, the present invention provides gamma- 
tocopherol metabolite or derivative enriched compositions, 
beta-tocopherol metabolite or derivative enriched compositions, 
delta-tocopherol metabolite or derivative enriched compositions, and 
flavonoid enriched compositions, and methods for using such 
compositions. In preferred embodiments, the ganma- 
tocopherol, beta-tocopherol or delta-tocopherol metabolite 
enriched compositions of the present invention comprise at least 50% 
gamma-, beta-, or delta-tocopherol metabolite or. . . least 90% 
gamma-, beta-, or delta-tocopherol metabolite or derivative and at least 
95% gamma-, beta-, or delta-tocopherol metabolite or derivative. 
Ganima- tocopherol/ beta-tocopherol or delta-tocopherol 
metabolite enriched compositions comprises less than 50% 
alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 



alpha-tocopherol, less. . , cell death, reduce infarct size, reduce 
tissue edema associated with the ischemic condition, and/or reduce 
cognitive dysfunction, such as in cerebral ischemia* 

A gamma-, beta-, or delta-tocopherol metabolite or derivative enriched 
composition may further comprise tocopherol (s) . In other preferred 
embodiments, the gamma- tocopherol/ beta-tocopherol 

or delta-tocopherol metabolite or derivative enriched con^ositions of 
the present invention comprise additional active ingredients, and/or 
additional non-tocopherols . In. 
DETD [0038] In illustrative embodiments disclosed herein a gamma- 
tocopherol enriched tocopherol composition and a gamma 
-tocopherol metabolite enriched composition are shown to 
reduce total infarct at the time of MCAO and at the time of 
reperfusion, . 

DETD ... a region of the tissue is impeded or blocked, either 

temporarily, as in vasospasm or transient ischemic attach (TIA) in 
cerebral ischemia or permanently, as in thr embolic 
occlusion in cerebral ischemia. The affected region 

is deprived of oxygen and nutrients as a consequence of the ischemic 
event. This deprivation leads to the injuries of infarction or in the 
region affected. The present invention encompasses cerebral 
ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; ischemia associated with CHF, liver ischemia; 
kidney ischemia; dermal ischemia; vasoconstriction-induced tissue 
ischemia, . . . against and flattens the arteries and veins inside the 
tissue, thereby reducing their ability to carry blood through the 
tissue. Cerebral ischemia may also occur as a result 
of macro-or micro-emboli, such as may occur subsequent to 
cardiopulmonary bypass surgery. Age-related macular, 
DETD [0041] "Cerebral Ischemia" or "cerebral ischemic" or 

"a cerebral ischemic condition" refer to a medical event which is 
pathological in origin, or to. . . against and flattens the arteries 
and veins inside the brain, thereby reducing their ability to carry 
blood through the brain. Cerebral ischemia may also 

occur as a result of macro-or micro-emboli, such as may occur subsequent 
to cardiopulmonary bypass surgery. 
DETD . . . and derivatives thereof) which are characterized by a 

6-chromanol ring structure and a side chain at the 2 position. A " 
gamma tocopherol enriched tocopherol composition", 

"beta-tocopherol enriched tocopherol composition" or a "delta-tocopherol 
enriched tocopherol composition" as used herein refers to the 

particular . 

DETD [0045] gamma- tocopherol, 3, 4-dihydro-2, 7, 8-trimethyl- 

2- (4, 8, 12-trimethyltridecyl) -2H-l-benzyopyran-6-ol; 2,7, 8-trimethyl-2- 
(4, 8, 12-trimethyltridecyl) -6-chromanol; 7, 8-dimethyltocol; 
o-xylotocopherol ; 

DETD . . . The term ". gamma . -CEHC" refers to the 2 , 7 , 8-trimethyl-2- ( . beta . - 
carboxy-ethyl) -6-hydroxy chroman, having a molecular weight of 264. This 
confound is a metabolite of .gamma. -tocopherol and 

its synthesis and properties are described in U.S. Pat. No, 6,083,982, 
incorporated herein by reference (where it is also. 
DETD [0054] By " gamma tocopherol derivative" is meant 

gamma ■ 'tocopherol metabolites and synthetic chroman 

derivatives including, but not 1 imited to, .gamma.— CEHC, • gamma .—CEBC, 
racemic chromans, chroman methyl esters, chroman esters, chroman. 
DETD , . . and benzodipyran methyl ester, as well as .gamma. -CEHC and 
. gamma . -CEBC, described above, and compounds shown in FIG. 3 herein. 
Other gamoia • -tocopherol metabolites and synthetic 

chroman derivatives may be known by those of skill in the art or will be 
discovered in. 

DETD [0056] In the body of a subject, gamma- tocopherols 

beta-tocopherol and delta-tocopherol break down into metabolites, 
including for example, the metabolites described in Wechter et al . U.S. 
Pat. Nos.. . . 6,150,402; 6,083,982; 6,048,891 and 6,242,479, 
specifically incorporated herein in their entirety. In particular, the 
present invention encortpasses the use of gamma- 
tocopherol enriched tocopherol compositions that further 



conprise gamma- tocopherol metabolites such as 

garama-CEHC, racemic gamma-CEHC and (S) gamma-CEHC, The general structure 
of other tocopherol metabolites are shown in FIG., 
DETD . . . con^ositions include without limitation, beta-tocopherol 

enriched tocopherol compositions, beta-tocopherol metabolite enriched 
compositions, delta-tocopherol enriched tocopherol compositions, 
delta-tocopherol metabolite enriched coit^ositions, gamma- 
tocopherol enriched tocopherol compositions, gamma- 
tocopherol metabolite enriched compositions, epsilon-tocopherol 
enriched tocopherol compositions, zeta-tocopherol enriched tocopherol 
con^ositions, etc. By a "non-gamma" tocopherol 

enriched composition is meant a composition that is enriched in a 
tocopherol other than craznma — tocopherol. Examples of 
non-g£unma tocopherol enriched tocopherol 

compositions include without limitation, beta-tocopherol enriched 
tocopherol compositions, beta-tocopherol metabolite enriched 
compositions, delta-tocopherol enriched tocopherol compositions, 
delta-tocopherol metabolite enriched compositions, gamma^ 
tocopherol enriched tocopherol compositions, gamma*" 
tocopherol metabolite enriched compositions, epsilon-tocopherol 
enriched tocopherol compositions, zeta-tocopherol enriched tocopherol 
compositions, etc. A non-alpha, non-gamma- tocopherol 

enriched tocopherol composition refers to a composition that is enriched 
in a tocopherol other than alpha-tocopherol and ganma- 
tocopherol. Examples of non-alpha, non-garama- 
tocopherol enriched tocopherol compositions include without 
limitation, beta-tocopherol enriched tocopherol compositions, 
beta-tocopherol metabolite enriched compositions, delta-tocopherol 
enriched tocopherol compositions, delta-tocopherol metabolite enriched 
compositions, gamma- tocopherol enriched tocopherol 
compositions, gamma- tocopherol metabolite enriched 
compositions, epsilon-tocopherol enriched tocopherol compositions, 
zeta-tocopherol enriched tocopherol compositions, etc. 
DETD . . . compounds, mixtures, or formulations of compounds which are 
capable of preventing or treating a tissue ischemia, such as for 
example, cerebral ischemia/ such as by reducing 

tissue or cell damage or symptoms thereof, associated with an ischemic 
condition and/or cell damage due. 
DETD . . . with a tissue ischemic conditions and/or symptoms due to tissue 
ischemia" is meant that the cytoprotective agent or agents (e.g., 
gamma- tocopherol/ and/or beta-tocopherol, and/or delta 
tocopherol and/or a mixture thereof and/or derivatives and/or 
metabolites thereof and/or a flavonoid and/or derivatives thereof) . 

a concentration which acts as a complete prophylaxis or treatment for 
a symptom of cellular or tissue damage, such as neuronal 
damage for cerebral ischemia. An "effective 

amount" is an amount sufficient to effect beneficial or desired results. 
An effective amount can be administered in. . . a tissue ischemic 
condition, the size and/or severity of an infarct in the tissue, such as 
in the brain for cerebral ischemia/ of the subject 

may be determined, for example, by various noninvasive radiological 
procedures and/or by various symptomatic and diagnostic procedures. 

more preferably at least about 80%, and even more preferably at least 
about 90% reduction in tissue damage, such as neuronal 
damage for cerebral ischemia. 
DETD . . . other tocopherols for use as cytoprotectants against damage, 

injury (ies) and/or symptoms associated with an ischemic condition. TVlso 
provided herein are gamma- tocopherol enriched 
tocopherol compositions comprising gamma- tocopherol 
that may further comprise gamma- tocopherol 

metabolites, and/or derivatives thereof, and/or other tocopherol 
metabolites, for use as cytoprotectants against damage, injury(ies) 
and/or symptoms associated with cerebral ischemia. 
DETD [0088] Also provided herein are gamma- tocopherol 

metabolite enriched compositions comprising gamma- 
tocopherol metabolite (s) that may further comprise gamma 
-tocopherol/ and/or derivatives thereof, and/or other 



tocopherol metabolites, for use as cytoprotectants against damage, 
injury (ies) and/or symptoms associated with cerebral 
ischemia . 

DETD [0091] Provided herein are flavonoid enriched compositions and flavonoid 
derivative enriched compositions and compositions comprising 
gamma- tocopherol and a flavonoid for use as 

cytoprotectants against damage, injury (ies) and/or symptoms associated 
with cerebral ischemia. 
DETD . . . present in the compositions in amounts effective to ameliorate 
the injury (ies) and/or symptoms associated with a tissue ischemia, such 
as cerebral ischemia. Preferably gamma- 
tocopherol enriched coirpositions comprise at least 50% 
gamma~ tocopherol / at least 55% gamma- 
tocopherol/ at least 60% gamma- tocopherol f 
at least 65% gamma- tocopherol/ at least 70% 
gaimaa~ tocopherol / at least 75% gamma- 
tocopherol/ at least 80% gamma- tocopherol/ 
at least 85% oramma tocopherol/ at least 90% 
tocopherol and at least 95% 

cramma— 

tocopherol. Gamma- tocopherol enriched 
tocopherol cortpositions may also comprise ganma- 
tocopherol derivative (s ) and/or gamma 

tocopherol metabolite ( s ) , and/or other tocopherol (s ) and/or 
mixtures thereof. Gamma- tocopherol enriched 

tocopherol compositions comprises less than 50% alpha-tocopherol/ less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol, less than 35% 
alpha-tocopherol, . 
DETD [0093] Preferably, gamma— tocopherol metabolite 

enriched compositions comprise at least 50% gamma- 
tocopherol metabolite, at least 55% gamma 
tocopherol metabolite, at least 60% gamma 
tocopherol metabolite, at least 65% cramma 
tocopherol metabolite, at least 70% gamma 
tocopherol metabolite, at least 75% gamma- 
tocopherol metabolite, at least 80% 

gamma 

tocopherol metabolite, at least 85% gamma 
tocopherol metabolite, at least 90% 

gamma 

tocopherol metabolite and at least 95% gamma- 

tocopherol metabolite. In preferred embodiments, gamma 

-tocopherol metabolite enriched compositions comprises less 

than 50% alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 

alpha-tocopherol, less than 35% alpha-tocopherol, . . . than 25% 

alpha-tocopherol, less than 20% alpha-tocopherol, less than 15% 

alpha-tocopherol, less than 10% alpha-tocopherol or less than 5% 

alpha-tocopherol. Gamma- tocopherol metabolite 

enriched compositions may also comprise gamma- 

tocopherol and/or a gamma tocopherol 

derivative (s ) , and/or other tocopherol ( s ) and/or mixtures thereof. 
DETD [0098] In illustrative examples disclosed herein, a gamma- 
tocopherol enriched composition (obtained from Sigma and 
comprising greater than 97% gamma- tocopherol) and a 
gamma— tocopherol metabolite enriched composition, 

gamma-CEHC (greater than 98% gamma-CEHC) are able to reduce total • 
infarct size in an animal model of cerebral ischemia 

, the middle cerebral artery occlusion (MCAO model), when administered 
at the time of MCAO and when administered at reperfusion (see. 
was measured for various tocopherol containing compositions at before, 
during MCAO and at reperfusion as described in Example 2. A 
gamma- tocopherol enriched composition comprising 
greater than 97% gamma- tocopherol and administered 
IV at 0.6 and 6 mg/kg at MCAO reduced infarct size by 81% and 82%, 
respectively, whereas an, . . at 0.60 mg/kg was able to reduce 
infarct size by 52%. It was also shown that gamma-CEHC enriched 
composition decreased neuronal damage by 50-65% in 
drug ranges 0.1-5 mg/kg when administered IV at MCAO. 
DETD ... In further experiments in support of the present invention, 

test confounds were administered at reperfusion, as described in Exait^le 



2, Gamma- tocopherol (10 mg/kg) administration 

resulted in a reduction of infarct volume by 70%, while gamma-CEHC (10 
mg/kg) administration resulted in a. 
DETD . . . additional experiments carried out in support of the present 
invention, it was shown that when administered 3 hours pre-MCAO, a 
gamma- tocopherol enriched composition was able to 

reduce infarct size by 53% and 77%, respectively, when administered by 
oral gavage at 4 . 

DETD . . . conducted in which confound was administered intraperitoneally 
in the MCAO animal model described in Example 2. In an exerrplary study, 
gamma- tocopherol (90% gamma- 

tocopherol, Sigma) administered at 10-20 mg/kg, either at MCAO 
or 3 hours post-reperfusion resulted in mean reduction of infarct 
volumes in. 

DETD . . . with flavonoid compounds, as described herein. In an exemplary 
experiment, when administered by oral gavage 3 hours pre-MCAO, 4 mg/kg 
gamma- tocopherol produced a 53% reduction in infarct 

volume, while 6 mg/kg quercetin+hesperetin resulted in 38% reduction of 
infarct volume. Combination of these compounds (4 mg/kg gamma- 
tocopherol and 6 mg/kg quercetin+hesperetin) resulted in 73% 
reduction in infarct volume. 
DETD . . . weight after intervention (drug treatment) indicates 

improvement. In experiments carried out in support of the present 
invention, intervention with a tocopherol 
enriched composition (>65% gamma- tocopherol) 

resulted in reduction in heart weight with no decrease in left 
ventricular systolic pressure (LVSP) . By way of comparison, captopril. 

DETD ... by modifying the length of the side chain from that found in 
prototypical tocopherols such as alpha-, beta-, delta- and gamma 
-tocopherol. Tocopherols can also vary in stereochemistry and 
saturation of bonds in the ring structure and side chain. Additional 
tocopherol derivatives, . 

DETD [0107] Gamma- tocopherol metabolites and derivatives 

are disclosed in Wechter et al., U.S. Pat. Nos. 6,150,402; 6,083,982 and 
6,048,891. Other tocopherol metabolites or. 

DETD [0122] Specific examples of gamma- tocopherol 

metabolites include for example, gamma-CEHC: synonyms: 
6-hydroxy-2 , 7, 8-trimethylchroman-2-propanoic acid and 

2, 7, 8-trimethyl-2- ( .beta. -carboxyethyl) -6-hydroxy chroman, and having 

formula: ##STR5## 
DETD [0169] In experiments performed in support of the present invention, 

hesperetin was shown to act synergistically with gamma- 

tocopherol and delta-tocopherol . 
DETD [0176] gamma- tocopherol enriched composition 

comprising greater than 90% gamma- tocopherol and 

more preferably greater than 95% gamma- tocopherol; 
DETD [0178] gamma- tocopherol enriched composition 

comprising gamma-CEHC; 
DETD [0179] gamma^ tocopherol enriched composition for 

intravenous injection comprising at least 50% gsunma- 

tocopherol and delta-tocopherol; 
DETD [0180] gamma- tocopherol enriched composition for 

gavage administration comprising at least 50% gamma- 

tocopherol and beta-tocopherol; 
DETD . • . include without limitation the use of hippocampal cell assay, 

animal cerebral infarct assay and animal assay for behavioral recovery 

after cerebral ischemia, and congestive heart 

failure model (CHF) , Gamma-, beta-, or delta-tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta-tocopherol 
metabolite enriched. . . reduction in tissue edema associated with an 
ischemic condition, reduction in infarct size, reduction in cognitive 
disorder, such as in cerebral ischemia, as measured 
by the methods disclosed in the Examples. Reduction in cellular or 
tissue damage associated with a ischemic condition. . . more 
preferably at least about 80%, and even more preferably at least about 
90% reduction. It is well known that gamma- tocopherol 



is metabolized in vivo to form, for exan^>le, gamma-CEHC and garama-CEBC, 
among other metabolites. In humans, this metabolite is thought. 

DETD [0185] cozT^ositions con^rising gamma- tocopherol, 
hesperetin and quercetin; 

DETD [0194] In the present invention, the ranges of the components of a 
coit^osition disclosed above, such as for example, gamma- 
tocopherol, hesperetin and quercetin or bromo-quercetin can be 
selected from any of the ranges given for the individual components. In 
one. 

DETD [0198] In one aspect, methods of the present invention relate to 
preventing neuronal damage in a mammalian subject at 

risk of developing injury due to a cerebral ischemic condition, e.g. for 

example, by an infarct in the brain. The methods of reducing 

neuronal damage relate to minimizing the extent and/or 

severity of injury in the brain associated with or due to a cerebral 

ischemic. . . by ameliorating or reducing the injury that would 

otherwise occur. The methods encompass administering a non-alpha 

tocopherol, such as, a gamma -tocopherol enriched 

tocopherol composition and/or a beta-tocopherol enriched tocopherol 
composition and/or a delta-tocopherol enriched tocopherol composition 
and/or a gamma-, beta-, or. . . subject. The amount administered and 
the duration of the treatment are effective to minimize the size and/or 
severity of the neuronal damage in the mammalian 

subject as measured by for example, reduction in neuronal cell death 
and/or reduction in cerebral edema associated. . . in infarct size. 
Thus, it is anticipated that as a result of such treatment the size 
and/or severity of any neuronal damage that develops 
is minimized. 

DETD [0199] The present invention provides prophylactic treatments for 
neuronal daznage including cell death and/or presence 

of tissue edema and/or cognitive dysfunction and/or cerebral infarcts 
which may be due to ischemic, . . . flavonoid enriched and/or 
flavoncid derivative enriched compositions of the present invention are 
administered to a subject at risk of experiencing neuronal 
daznage associated or due to a cerebral ischemic condition, and 
ameliorates the severity of the damage, should it occur. The method is 
intended for a subject at risk of neuronal damage 

that is associated with, or results from, an acute or chronic medical 

condition. Such conditions might arise as a result. . . emergent 

medical condition such as a stroke or severe blood loss. Other 

conditions which place a subject at risk for neuronal 

damage associated with a cerebral ischemic condition include a 

genetic predisposition to stroke or a condition that is understood to 

increase. 

DETD [0200] Additional medical conditions that place a subject at risk for 

neuronal damage associated with or due to a cerebral 

ischemic condition include, but are not limited to, thrombosis; 

vasculitis (including collagen vascular. 
DETD [0201] Medical conditions that place a subject at risk of 

neuronal damage associated with or due to a cerebral 

ischemic condition due to intracranial hemorrhage include, but are not 
limited to, spontaneous. 
DETD . . , to an intestinal ischemic condition by ameliorating or reducing 
the injury that would otherwise occur. The methods encompass 
administering a gamma- tocopherol enriched tocopherol 
composition and/or a beta-tocopherol enriched tocopherol composition 
and/or a delta-tocopherol enriched tocopherol coit^osition and/or a 
gamma-, beta-, or. 

DETD ... an spinal cord ischemic condition by ameliorating or reducing 
the injury that would otherwise occur. The methods encompass 
administering a gamma— tocopherol enriched tocopherol 

composition and/or a beta-tocopherol enriched tocopherol composition 
and/or a delta-tocopherol enriched tocopherol composition and/or a 
gamma—, beta—, or. 

DETD . . . coitposition in an effective amount. With regard to a cerebral 
ischemic condition, an effective amount is one sufficient to reduce 
neuronal damage resulting from the cerebral ischemic 



condition, A reduction of neuronal damage is any 

prevention of injury to the brain which otherwise would have occurred in 

a subject experiencing a cerebral ischemic. 
DETD . . . supplements may also be incorporated into food stuffs, such as, 

functional foods designed to promote cerebral health or to prevent 

cerebral ischemia- If administered as a medicinal 

preparation, the composition can be administered, either as a 

prophylaxis or treatment, to a patient. 
DETD . . . and ex vivo use, a variety of concentrations may be used and 

various assays employed to determine the degree of neuronal 

damage, such as, for example, measurements of cell death, 

infarct size, and cognitive dysfunction. 
DETD . . . enriched tocopherol compositions, and/or gamma-, beta-, or 

delta-tocopherol metabolite enriched compositions, and methods using the 

compositions are capable of reducing neuronal damage 

associated with cerebral ischemia. These conditions 

can be induced experimentally by chemical interference or by changing 

the environmental conditions in the laboratory (e.g., by. 
DETD [0246] Various assays, compositions and methods useful for identifying 

compositions and methods for reducing neuronal damage 

are provided in the Examples . 
DETD [0266] In experiments carried out in support of the invention, 

gamma ~ tocopherol enriched tocopherol compositions and 

gamma-CEHC enriched compositions each provided at least 40% protection 
against hippocampal cell injury in the primary. 
DETD [0267] This assay is used to assess the efficacy of the test agents in 
protecting the brain against necrosis following cerebral 
ischemia induced in rats. Middle Cerebral Artery Occlusion 
(MCAO) is a widely used technique to induce transient focal 
cerebral ischemia in animal models. It has been 

demonstrated that the rat model of MCAO is an appropriate approximation 
of ischemic damage. 

DETD [0272] The following is a description of various ways by which 
gamma- tocopherol enriched tocopherol compositions and 
gamma- tocopherol metabolite enriched compositions are 
administered in this assay. 

DETD [0309] When gamma tocopherol enriched tocopherol 

composition (greater than 90% gamma- tocopherol ) was 
administered I.V. at the time of MCAO, total infarct volume, total 
ischemic damage and edema were significantly reduced relative to that of 
control animals. Administration of the gamma" 

tocopherol metabolite, gamma-CEHC, I.V. at the time of MCAO also 
resulted in significantly reduced total infarct volume and total 
ischemic damage. . . the time of MCAO also resulted in reduced tissue 
edema relative to that of control animals. Thus, administration of a 
gamma- tocopherol enriched composition or a 
gamma- tocopherol metabolite enriched composition 

provided protection to the brain against damage and effects associated 
with cerebral ischemia. 
DETD [0310] Administration of a gamma- tocopherol enriched 
composition or a gamma~ tocopherol metabolite 

enriched composition at the time of reperfusion resulted in reduction of 
total infarct volume, total ischemic damage and tissue. 
DETD [0311] The protective effects of alpha-tocopherol and delta-tocopherol 
were also assessed in the MCAO assay. At the same concentration, 
gamma- tocopherol was more effective in the reduction 

of total infarct volume and in the reduction of tissue edema than alpha- 
or . 

DETD Animal Assay for Behavioral Recovery after Cerebral 
Ischemia 

DETD [0312] This assay is used to assess the efficacy of the test agents in 
behavioral recovery after cerebral ischemia induced 

in rats. Clinical behavior evaluation includes neurological examination, 
sensomotor activity and learning and memory behavior testing. 
DETD . . . weight after intervention (drug treatment) indicates 

improvement. In experiments carried out in support of the present 
invention, intervention with a gamma- tocopherol 



enriched composition (>65% tocopherol ) 

resulted in reduction in heart weight with no decrease in left 
ventricular systolic pressure (LVSP) . By way of comparison, captopril. 

CLM What is claimed is: 

3. The method of claim 1 wherein said tissue ischemic condition is 
selected from the group consisting of cerebral 

ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; myocardial ischemia associated with myocardial 
infarction; myocardial ischemia associated with CHF, ischemia 
associated. 

4 . The method of claim 1 wherein said tissue ischemic condition is 
cerebral ischemia. 

23. The method of claim 21 wherein said tissue ischemic condition is 
selected from the group consisting of cerebral 

ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; myocardial ischemia associated with myocardial 
infarction; myocardial ischemia associated with CHF, ischemia 
associated. 

24. The method of claim 21 wherein said tissue ischemia is 
cerebral ischemia. 

41. A method for treating and/or ameliorating the symptoms of a 
non-cardiovascular tissue ischemic condition in a mammalian subject, 
comprising administering to the subject an effective amount of a 
gamma- tocopherol enriched tocopherol composition, and 
by said administering, reducing tissue damage related to said 
non-cardiovascular tissue ischemic condition, 

of a non-cardiovascular tissue ischemic condition in a mammalian 
subject, comprising administering to the subject an effective amount of 
a gamma- tocopherol metabolite enriched composition, 
and by said administering, reducing tissue damage related to said 
non-cardiovascular tissue ischemic condition. 

44. The method of claim 41 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
60% gamma- tocopherol . 

45. The method of claim 41 wherein said gazaroa- 

tocopherol enriched tocopherol composition comprises at least 
65% gamma- tocopherol . 

46. The method of claim 41 wherein said garoma- 

tocopherol enriched tocopherol composition comprises at least 
70% gamma- tocopherol . 

47. The method of claim 41 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
75% gamma- tocopherol. 

48. The method of claim 41 wherein said gamma— 

tocopherol enriched tocopherol composition comprises at least 
80% gamma- tocopherol . 

49. The method of claim 41 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
85% gamma- tocopherol • 

50. The method of claim 41 wherein said gamma- 

tocopherol enriched tocopherol composition comprises at least 
90% gamma- tocopherol. 

51. The method of claim 41 wherein said gamma- 

tocopherol enriched tocopherol conposition comprises at least 
95% gamma- tocopherol . 



52. The method of claim 41 wherein said gazmna- 

tocopherol enriched tocopherol composition con^rises at least 

9B% gamma- tocopherol* 



53. The method of claim 42 wherein said ganma- 

tocopherol metabolite enriched composition coir5>rises at least 
80% gamma tocopherol metabolite. 

54. The method of claim 42 wherein said gamma- 

tocopherol metabolite enriched con^osition comprises at least 
85% gamma- tocopherol metabolite. 

55. The method of claim 42 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
90% gamma tocopherol metabolite. 

56. The method of claim 42 wherein said gamma— 

tocopherol metabolite enriched composition comprises at least 
95% gamma— tocopherol me tabolite. 

57. The method of claim 42 wherein said gamma- 

tocopherol metabolite enriched composition comprises at least 
98% gamma- tocopherol metabolite. 

62. The method of claim 41 wherein said composition comprises 
ganuDa tocopherol in a range of about 1 to about 1000 

mg per kg body weight of said mammalian subject. 

63. The method of claim 41 wherein said composition comprises 
gamma— tocopherol in a range of about 1 to about 50 mg 

per kg body weight of said mammalian subject. 

64. The method of claim 41 wherein said composition comprises 
gamma- tocopherol in a range of about 10 to about 100 

mg per kg body weight of said mammalian subject. 

67. The method of claim 65 wherein said tissue ischemic conditions is 
cerebral Ischemia* 

83- The method of claim 82 wherein said tissue ischemic condition is 
cerebral Ischemia* 

85. The method of claim 82 wherein said non-alpha tocopherol is selected 
from the group consisting of gamma- tocopherol/ 

beta- tocopherol, delta- tocopherol, a gamma- tocopherol 
metabolite, a beta-tocopherol metabolite, and a delta-tocopherol 

metabolite . 

86. The method of claim 82 wherein said non-alpha tocopherol is 
gamma- tocopherol . 

87. The method of claim 82 wherein said non-alpha-tocopherol is a 
gamma— tocopherol metabolite. 

88. The method of claim 82 wherein said composition coit^rises 
gamma- tocopherol and two f lavonoids . 

89. The method of claim 82 wherein said coit^osition con^rises 
gasDua— tocopherol, quercetin and hesperetin. 

91. The method of claim 82 wherein said composition comprises 
gamma- tocopherol in the range of about 1 to about 1000 

mg/kg body weight of mammalian subject, hesperetin in the range of. 

92. The method of claim 82 wherein said conposition coitprises 
gamma- tocopherol in the range of about 1 to about 50 



mg/kg body weight of mairanalian subject, hesperetin in the range of • 

93. The method of claim 82 wherein said composition comprises 

gamma- tocopherol in the range of about 10 to about 100 

mg/kg body weight of mammalian subject, hesperetin in the range of. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a novel dithiocarbamamte disulfide dimer 

useful in various therapeutic treatments, either alone or in combination 
with other active agents. In one method, the disulfide derivative of a 
dithiocarbamate is coadministered with an agent that inactivates (or 
inhibits the production of) species that induce the expression of nitric 
oxide synthase to reduce the production of such species, while, at the 
same time reducing nitric oxide levels in the subject. In another 
embodiment, free iron ion levels are reduced in a subject by 
administration of a disulfide derivative of a dithiocarbamate (s) to 
scavenge free iron ions, for example, in subjects undergoing 
anthracycline chemotherapy. In another embodiment, cyanide levels are 
reduced in a subject by administration of a disulfide derivative of a 
dithiocarbamate so as to bind cyanide in the subject. In a further 
aspect, the present invention relates to compositions and formulations 
useful in such therapeutic methods. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

DETD ... of inflammatory cytokines, toxic shock syndrome, adult 
respiratory distress syndrome, cachexia, myocarditis, autoimmune 
disorders, eczema, psoriasis, heart failure, dermatitis, urticaria, 
cerebral ischemia / systemic lupus erythematosis, AIDS, 
AIDS dementia, neurodegenerative disorders (e.g., chronic 
neurodegenerative disease), chronic pain, priapism, cystic fibrosis, 
amyotrophic lateral sclerosis, . 

DETD . . . range of disease states and/or indications, such as, for 

example, septic shock, hemorrhagic shock, anaphylactic shock, toxic 
shock syndrome, ischemia, cerebral ischezoia, 

administration of cytokines, overexpression of cytokines, ulcers, 
inflammatory bowel disease (e.g., gastritis, ulcerative colitis or 
Crohn's disease), diabetes, arthritis, asthma,. 
DETD . . . IL-2 fusion toxin, DAB. sub. 389 IL-2, and the like), IL-4 

antagonists (e.g., IL-4 fusion toxin, DAB. sub. 389 IL-4, and the like), 
immune-mediated neuronal damage inhibitors, 

immunoglobins, immuno stimulants (e.g., poly-ICLC, edelfosine, 
ET-18-OCH3, ET-18-0ME, and the like), immunosuppressants (e.g., 
azathioprine, castanospermine, tacrolimus, FK-506, Fujimycin, Prograf, 
anti-leukointegrin . 

DETD . . . myocarditis, multiple sclerosis, diabetes mellitus, autoimmune 
disorders, eczema, psoriasis, glomerulonephritis, heart failure, heart 
disease, atherosclerosis, Crohn's disease, dermatitis, urticaria. 



ischemia, cerebral ischemia, systemic lupus 

erythematosis, AIDS, AIDS dementia, chronic neurodegenerative disease, 
chronic pain, priapism, cystic fibrosis, amyotrophic lateral sclerosis, 
schizophrenia, depression, premenstrual. 
DETD Antioxidants contemplated for use in the above-described topical 
formulations include superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase, .gannoa- -tocopherol 

, .alpha. -tocopherol, ubiquinol 10, ubiquinone 10, ascorbic acid, uric 
acid, glutathione, and the like. 
CLM What is claimed is: 

myocarditis, multiple sclerosis, diabetes mellitus, autoimmune 
disorders, eczema, psoriasis, glomerulonephritis, heart failure, heart 
disease, atherosclerosis, Crohn's disease, dermatitis, urticaria, 
ischemia, cerebral ischemia, systemic lupus 

erythematosis, AIDS, AIDS dementia, chronic neurodegenerative disease, 
chronic pain, priapism, cystic fibrosis, amyotrophic lateral sclerosis, 
schizophrenia, depression, premenstrual. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB In accordance with the present invention, there are provided conjugates 

of physiologically compatible free radical scavengers (e.g., 
dithiocarbamate disulfides (DD) ) and pharmacologically active agents 
(e.g., NSAIDS) . Invention conjugates provide a new class of 
pharmacologically active agents (e.g., anti-inflammatory agents) which 
cause a much lower incidence of side-effects due to the protective 
effects imparted by modifying the pharmacologically active agents as 
described herein. In addition, invention conjugates are more effective 
than unmodified pharmacologically active agents because cells and 
tissues contacted by the pharmacologically active agent (s) are protected 
from the potentially damaging effects of free radical overproduction 
induced thereby as a result of the co-production of free radical 
scavenger (e.g., dithiocarbamate), in addition to free pharmacologically 
active agent, when invention conjugate is cleaved. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

DETD . . . invention include inflammatory and infectious diseases, such 
as, for example, septic shock, hemorrhagic shock, anaphylactic shock, 
toxic shock syndrome, ischemia, cerebral ischemia, 
administration of cytokines, overexpression of cytokines, ulcers, 
inflammatory bowel disease (e.g., gastritis, ulcerative colitis or 
Crohn's disease), diabetes, arthritis, asthma,. 

DETD . . . FK-506, FR-900506, Fujimycin, Prograf, IL-2 fusion toxin, and 
DAB. sub. 389 IL-2), IL-4 antagonists (e.g., IL-4 fusion toxin, and 
DAB. sub. 389 IL-4), immune -media ted neuronal damage 
inhibitors (e.g., NBI-114, NBI-115, and NBI-116) , immunoglobins, 
immune stimulants (e.g., poly-ICLC, edelfosine, ALP, ET-18-OCH3, 
ET-18-0ME, NSC-24, and poly-IC+poly-L-lysine+carboxymethyl-cellulose) , 
immunosuppressants (e.g., azathioprine, . 

DETD Antioxidants contemplated for use in the above-described topical 



formulations include superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase, .gamma* ^tocopherol 

, .alpha. -tocopherol, ubiquinol 10, ubiquinone 10, ascorbic acid, uric 
acid, glutathione, and the like. 
CLM What is claimed is: 

of inflammatory cytokines, toxic shock syndrome, adult respiratory 
distress syndrome, cachexia, myocarditis, autoimmune disorders, eczema, 
psoriasis, heart failure, dermatitis, urticaria, cerebral 
ischemia/ systemic lupus erythematosis, AIDS, AIDS dementia, 
chronic neurodegenerative disease, chronic pain, priapism, cystic 
fibrosis, amyotrophic lateral sclerosis, schizophrenia, depression, 
premenstrual. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a novel dithiocarbamate disulfide dimer 

useful in various therapeutic treatments, either alone or in combination 
with other active agents. In one method, the disulfide derivative of a 
dithiocarbamate is coadministered with an agent that inactivates (or 
inhibits the production of) species that induce the expression of nitric 
oxide synthase to reduce the production of such species, while, at the 
same time reducing nitric oxide levels in the subject. In another 
embodiment, free iron ion levels are reduced in a subject by 
administration of a disulfide derivative of a dithiocarbamate (s) to 
scavenge free iron ions, for example, in subjects undergoing 
anthracycline chemotherapy. In another embodiment, cyanide levels are 
reduced in a subject by administration of a disulfide derivative of a 
dithiocarbamate so as to bind cyanide in the subject. In a further 
aspect, the present invention relates to compositions and formulations 
useful in such therapeutic methods . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

DETD ... of inflammatory cytokines, toxic shock syndrome, adult 
respiratory distress syndrome, cachexia, myocarditis, autoimmune 
disorders, eczema, psoriasis, heart failure, dermatitis, urticaria, 
cerebral ischemia/ systemic lupus erythematosis, AIDS, 
AIDS dementia, neurodegenerative disorders (e.g., chronic 
neurodegenerative disease) , chronic pain, priapism, cystic fibrosis, 
amyotrophic lateral sclerosis, . 

DETD . , . range of disease states and/or indications, such as, for 

example, septic shock, hemorrhagic shock, anaphylactic shock, toxic 
shock syndrome, ischemia, cerebral ischemia, 

administration of cytokines, overexpression of cytokines, ulcers, 
inflammatory bowel disease (e.g., gastritis, ulcerative colitis or 
Crohn's disease), diabetes, arthritis, asthma,. 
DETD . . . IL-2 fusion toxin, DAB. sub. 389 IL-2, and the like), IL-4 

antagonists (e.g., IL-4 fusion toxin, DAB. sub. 389 IL-4, and the like), 
immune-mediated neuronal damage inhibitors, 

immunoglobins, immuno stimulants (e.g., poly-ICLC, edelfosine, ET-18- 
OCH-3, ET-18-0ME, and the like), immunosuppressants (e.g., azathioprine. 



castanospermine, tacrolimus, FK-506, Fujimycin, Prograf, . 
DETD Antioxidants conteitiplated for use in the above-described topical 
formulations include superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase, . gamma • ~ tocopherol 

, .alpha. -tocopherol, ubiquinol 10, ubiquinone 10, ascorbic acid, uric 
acid, glutathione, and the like. 
CLM What is claimed is : 

of inflammatory cytokines, toxic shock syndrome, adult respiratory 
distress syndrome, cachexia, myocarditis, autoimmune disorders, eczema, 
psoriasis, heart failure, dermatitis, urticaria, cerebral 
ischemia, systemic lupus erythematosis, AIDS, AIDS dementia, 
chronic neurodegenerative disease, chronic pain, priapism, cystic 
fibrosis, amyotrophic lateral sclerosis, schizophrenia, depression, 
premenstrual. 
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GI 4 Figure (s) . 

FIG. 1 shows the effect of garama-tocopherol and its metabolite, 
garama-carboxy ethyl hydroxy chroman (gamma-CEHC) , on the volumetric 
comparison of total infarct with administration of gamma-tocopherol and 
gamma-CEHC at the time of Middle Cerebral Artery Occlusion (MCAO) as 
described in Example 2. 

FIG. 2 shows the effect of gamma-tocopherol and its metabolite, 
gamma-CEHC, on the volumetric comparison of total infarct with 
administration of gamma-tocopherol and gamma-CEHC at reperfusion as 
described in Example 2. 

FIG. 3 illustrates 5 general formulas of tocopherol metabolites. 

FIG. 4 shows the effect of gamma-tocopherol on stroke protection as 
measured in cerebral ischemia MCAO model. 
AB The present invention provides compositions and methods for the treatment 
of cerebral ischemia- In particular, the present 



invention provides gamma-, beta-, or delta-tocopherol enriched tocopherol 
coit^ositions and gamma-, beta-, or delta-tocopherol metabolite enriched 
compositions and methods for their use in preventing or treating a 
cerebral ischemic condition. The present invention also provides 
pharmaceutical compositions comprising gamma-, beta-, or delta-tocopherol 
enriched tocopherol con^)Osition or a gamma-, beta-, or delta-tocopherol 
metabolite enriched coir^osition in an amount effective to reduce 
neuronal daxoage related to a cerebral ischemic 
condition. 
CLMN 57 4 Figure (s) . 

FIG. 1 shows the effect of gamma- tocopherol and its metabolite, 
gamma-carboxy ethyl hydroxy chroman (garama-CEHC) , on the volumetric 
comparison of total infarct with administration of gamma-tocopherol and 
gamma-CEHC at the time of Middle Cerebral Artery Occlusion (MCAO) as 
described in Example 2. 

FIG. 2 shows the effect of gamma-tocopherol and its metabolite, 
gamma-CEHC, on the volumetric comparison of total infarct with 
administration of gamma-tocopherol and gamma-CEHC at reperfusion as 
described in Example 2. 

FIG. 3 illustrates 5 general formulas of tocopherol metabolites. 

FIG. 4 shows the effect of gamma-tocopherol on stroke protection as 
measured in cerebral ischemia MCAO model. 
TI COMPOSITIONS AND METHODS FOR THE PREVENTION AND TREATMENT OF 
CEREBRAL ISCHEMIA 

AB The present invention provides compositions and methods for the treatment 
of cerebral ischemia. In particular, the present 

invention provides gamma-, beta-, or delta-tocopherol enriched tocopherol 
compositions and gamma-, beta-, or delta-tocopherol metabolite enriched. 

or delta-tocopherol enriched tocopherol composition or a gamma-, 
beta-, or delta-tocopherol metabolite enriched composition in an amount 
effective to reduce neuronal damage related to a 
cerebral ischemic condition. 
GI ... 

3 illustrates 5 general formulas of tocopherol metabolites. 

FIG. 4 shows the effect of gamma-tocopherol on stroke protection as 

measured in cerebral ischemia MCAO model. 
ECLM . . . comprising administering to the subject an effective amount of a 

non-alpha tocopherol enriched tocopherol composition, and by said 

administering, reducing neuronal damage related to 

said cerebral ischemic condition. 
ACLM 4. The method of claim 1 wherein the non-alpha tocopherol enriched 

tocopherol composition is a beta~ tocopherol enriched 

tocopherol composition. 

5. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a beta- tocopherol 
metabolite enriched composition. 

11. The method of claim 1 wherein the cerebral ischemia 
is due to a spasm of the coronary vasculature. 

33. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol coit^osition comprises at least 50% beta- 
tocopherol • 

34. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 65% beta- 
tocopherol • 

35. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 75% beta- 
tocopherol . 

36. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 90% beta- 
tocopherol • 

37. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 95% beta- 
tocopherol • 

38. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 98% beta- 
tocopherol • 

39. The method of claim 5 wherein said beta- tocopherol 



metabolite enriched conposition comprises at least 50% beta- 
tocopherol metabolite. 

40. The method of claim 5 wherein said beta- tocopherol 
metabolite enriched conposition con^rises at least 65% beta- 
tocopherol metabolite, 

41. The method of claim 5 wherein said beta- tocopherol 
metabolite enriched conposition coit^rises at least 90% beta- 
tocopherol metabolite. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

7VB The present invention provides compositions and methods for the 

treatment of cerebral ischemia- In particular, the 

present invention provides gamma-, beta-, or delta- tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta- tocopherol 
metabolite enriched compositions and methods for their use in preventing 
or treating a cerebral ischemic condition. The present invention also 
provides pharmaceutical compositions comprising gamma-, beta-, or 
delta-tocopherol enriched tocopherol composition or a gamma-, beta-, or 
delta-tocopherol metabolite enriched composition in an amount effective 
to reduce neuronal damage related to a cerebral 
ischemic condition. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Compositions and methods for the prevention and treatment of 

cerebral ischemia 

AB The present invention provides compositions and methods for the 

treatment of cerebral ischemia. In particular, the 

present invention provides gamma-, beta-, or delta-tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta-tocopherol 
metabolite enriched. . . or delta-tocopherol enriched tocopherol 
composition or a gamma-, beta-, or delta-tocopherol metabolite enriched 
composition in an amount effective to reduce neuronal, 
damage related to a cerebral ischemic condition. 
SUMM [0002] This invention generally relates to compositions and methods 
comprising garama-tocopherol and/or a metabolite and/or a derivative 
thereof; beta- tocopherol and/or a metabolite and/or 

a derivative thereof; and delta-tocopherol and/or a metabolite and/or 
derivative thereof, for preventing or treating cerebral 
ischemia in a mammalian subject. The invention also relates to 
methods of making such compositions. 
SUMM [0003] Ischemia may be defined as the loss of blood flow to a tissue. 
Cerebral ischemia, also Jcnown as stroke, is the 

interruption or reduction of blood flow in the arteries feeding the 
brain. Loss of. 

SUMM • . . 6,150,402; 6,083,982; 6,048,891, and 6,242,479 specifically 



incorporated herein in their entirety. Alpha-tocopherol has been alleged 
to have an effect on cerebral ischemia* Yamamoto et 

al., 1983, Stroke, vol. 14:977-982; Hara et al., 1990, Brain Research, 
vol. 510:335-338; and Altura, et al . , 1996,. 
SUMM . . . 32:107-110. Alpha-tocopherol has a greater antioxidant activity 
than the other tocopherols. Fukuzawa et al. (1982) Lipids 17:511-13. 
Alpha-tocopherol, but not beta- tocopherol/ inhibits 
protein kinase C function. Ricciarelli et al. (1998) Biochem. J. 
334:243-249. However, both alpha- and beta- tocopherol 

inhibit porcine pancreatic phospholipase A2 activity. Grau et al. (1998) 
Chem. Phys. Lipids 91:109-118. Alpha-, beta-, gamma- and 
delta-tocopherol were. 

SUMM [0006] In the treatment of cerebral ischemia, free 

radical scavengers/antioxidants have been used to improve cerebral blood 
flow and/or neurological outcome. In general, the effects of these. 

(1991) Proc. Natl. Acad. Sci. USA 88:11158-11162. Other compounds, 
such as lubeluzole, have been shown to have clinical benefit for 
cerebral ischemia but with a very narrow margin of 
safety. Diener et al. (1995) Stroke 26:30. 

SUMM [0007] Cerebral ischemia is one of the major causes 

of human neurological morbidity and mortality with poor prognosis 
associated with stroke recovery. Thus, . . . for identification of 
effective compositions and methods which aid in the survival and 
recovery of cells during injury associated with cerebral 
ischemia or for mammalian subjects at risk for injury associated 
with cerebral ischemia. 

SUMM [0009] The present invention relates to compositions and methods for the 
treatment and prevention of cerebral ischemia in a 

mammalian subject. Accordingly, the present invention provides methods 
for treating and/or ameliorating the symptoms of a cerebral ischemic. 

comprising administering to the subject an effective amount of a 
non-alpha tocopherol enriched tocopherol composition, and by said 
administering, reducing neuronal damage related to 

said cerebral ischemic condition. In some embodiments, the non-alpha 
tocopherol enriched tocopherol composition is a gamma-tocopherol 
enriched tocopherol. . . enriched tocopherol composition is a 
gamma-tocopherol metabolite enriched composition. In additional 
embodiments, the non-alpha tocopherol enriched tocopherol composition is 
a beta- tocopherol enriched tocopherol composition. 

In further embodiments, the non-alpha tocopherol enriched tocopherol 
composition is a beta- tocopherol metabolite enriched 

composition. In yet other embodiments, the non-alpha tocopherol enriched 
tocopherol composition is a delta-tocopherol enriched tocopherol 
composition. In, 

SUMM . . . occlusion of the cerebral vasculature and in other embodiments, 
the occlusion is due to a thromboembolis . In further embodiments, the 
cerebral ischemia is due to a spasm of the coronary 

vasculature. In additional embodiments, the cerebral ischemic condition 
is secondary to a. 

SUMM . - . least 80%, at least 85%, at least 90%, at least 95%, or at 
least 98% gamma-tocopherol. In other aspects, a beta- 
tocopherol enriched tocopherol composition comprises at least 
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 
98% beta-tocopherol . In yet other aspects, a 

delta-tocopherol enriched tocopherol composition comprises at least 50%, 
at least 55%, at least 60%, at. . . least 95%, or at least 98% 
gamma-tocopherol metabolite. In some embodiments, the gamma-tocopherol 
metabolite is gamma-CEHC. In other aspects, a beta- 
tocopherol metabolite enriched composition comprises at least 
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 
98% beta-tocopherol metabolite. In yet other 

aspects, a delta-tocopherol metabolite enriched composition comprises at 
least 50%, at least 55%, at least 60%,. 
SUMM ... In other aspects the present invention provides 

gamma-tocopherol enriched tocopherol compositions comprising gamma 



tocopherol in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. In further 
embodiments, the present invention provides beta- 
tocopherol enriched tocopherol compositions comprising 
beta tocopherol in an amount effective to reduce 
neuronal dazoage related to a cerebral ischemic 

condition. In further embodiments, the present invention provides 
delta-tocopherol enriched tocopherol compositions comprising delta 
tocopherol in an amount effective to reduce neuronal 
damage related to a cerebral ischemic condition. 
SUMM . . . provides gamma- tocopherol metabolite or derivative enriched 

compositions comprising a gamma tocopherol metabolite or derivative in 
an amount effective to reduce neuronal damage 

related to a cerebral ischemic condition. In preferred embodiments/ the 
gamma-tocopherol metabolite is gamma-CEHC. In further embodiments, the 
present invention provides beta-tocopherol 

metabolite or derivative enriched compositions comprising a beta 
tocopherol metabolite or derivative in an amount effective to 
reduce neuronal damage related to a cerebral 

ischemic condition. In further embodiments, the present invention 
provides delta-tocopherol metabolite or derivative enriched conpositions 
comprising a delta tocopherol metabolite or derivative in an amount 
effective to reduce neuronal damage related to a 
cerebral ischemic condition. 

DRWD [0019] FIG. 4 shows the effect of gamma-tocopherol on stroke protection 
as measured in cerebral ischemia MCAO model. 

DETD . . . and non-naturally occurring mixtures of naturally-occurring 
compounds that can be used in nutritional and pharmaceutical 
compositions that are protective in cerebral ischemia 
(stroke) . The present invention provides compositions and methods for 
preventing or treating cerebral ischemia^ such as 

for example, by reducing neuronal cell death, reducing tissue edema, 
and/or reducing cognitive dysfunction associated with a cerebral. 
DETD [0021] The present invention provides gamma-tocopherol enriched 
tocopherol compositions, be ta~ tocopherol enriched 

tocopherol compositions and delta-tocopherol enriched compositions and 
methods for using such compositions. In preferred embodiments, the 
gamma-tocopherol enriched tocopherol. . . as the sole active 
ingredient. As used herein, an "active ingredient" is one that is able 
to treat or prevent cerebral ischemia in a mammalian 
subject. In preferred embodiments, an active ingredient is able to 
reduce neuronal damage associated with 
cerebral ischemia at least about 30%, at least about 
40%, at least about 50%, at least about 60%, at least about 70%, . 
DETD . . . ischemic condition, and/or reduce cognitive dysfunction and may 
further comprise a gamma-tocopherol metabolite and/or derivative and may 
further comprise alpha-tocopherol, beta-tocopherol 

and/or delta-tocopherol, and/or other ingredients. In other preferred 
embodiments, the gamma-tocopherol enriched tocopherol compositions of 
the present invention comprise additional. 
DETD [0023] In preferred embodiments, the beta-tocopherol 

enriched tocopherol compositions of the present invention comprise at 
least 50% beta-tocopherol, at least 55% beta 
'tocopherol, at least 60% beta-tocopherol, 
at least 65% beta-tocopherol/ at least 70% 
beta-tocopherol/ at least 75% beta- 
tocopherol, at least 80% beta-tocopherol, at 
least 85% beta tocopherol, at least 90% beta 
-tocopherol, at least 95% gamma-tocopherol and at least 98% 
beta-tocopherol • Beta-tocopherol 

enriched tocopherol compositions comprise less than 50% 
alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 
alpha-tocopherol, less than 35% alpha-tocopherol,. . . less than 20% 
alpha-tocopherol, less than 15% alpha-tocopherol, less than 10% 
alpha-tocopherol or less than 5% alpha-tocopherol. In some embodiments, 
beta-tocopherol enriched tocopherol con^ositions 
comprises beta-tocopherol as the sole active 



ingredient. In additional preferred embodiments, a beta- 
tocopherol enriched tocopherol composition coit^rises 
be ta~ tocopherol in an amount effective to reduce 

neuronal cell death, reduce infarct size, reduce tissue edema associated 
with the cerebral ischemic condition, and/or reduce cognitive 
dysfunction and may further comprise a beta- tocopherol 

metabolite and/or derivative and may further comprise alpha-tocopherol, 
gamma-tocopherol and/or delta-tocopherol and/or other ingredients. In 
other preferred embodiments, the beta- tocopherol 

enriched tocopherol compositions of the present invention comprise 
additional active ingredients, and/or additional non-tocopherols . In 
some embodiments of beta- tocopherol enriched 
tocopherol compositions, the beta- tocopherol and 
additional ingredient ( s ) provide a synergistic effect. Beta- 
tocopherol and an additional ingredient are considered to be 
synergistic when their combined effect is greater than additive of the 
individual . 

DETD . . . ischemic condition, and/or reduce cognitive dysfunction and may 
further comprise a delta-tocopherol metabolite and/or derivative and may 
further comprise alpha-tocopherol, beta- tocopherol 

and/or gamma-tocopherol and/or other ingredients. In other preferred 
embodiments, the delta-tocopherol enriched tocopherol compositions of 
the present invention comprise additional. 
DETD [0025] Assays for measuring the effect of gamma-tocopherol enriched 
tocopherol compositions, beta- tocopherol enriched 

conpositions and delta-tocopherol compositions are provided herein and 
are known to those of skill in the art. 
DETD [0026] In other aspects the present invention provides gamma-tocopherol 
metabolite or derivative enriched compositions, beta- 
tocopherol metabolite or derivative enriched compositions, and 
delta-tocopherol 'metabolite or derivative enriched compositions, and 
methods for using such coit^>ositions . In preferred embodiments, the 
gamma-tocopherol metabolite, beta- tocopherol 

metabolite or delta-tocopherol metabolite enriched compositions of the 
present invention comprise at least 50% gamma-, beta-, or 
delta-tocopherol metabolite or. . . 90% gamma-, beta-, or 
delta-tocopherol metabolite or derivative and at least 95% gamma-, 
beta-, or delta-tocopherol metabolite or derivative. Gamma-tocopherol, 
beta- tocopherol or delta-tocopherol metabolite 

enriched compositions comprises less than 50% alpha-tocopherol, less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol, less than. 

A gamma-, beta-, or delta-tocopherol metabolite or derivative 
enriched composition may further comprise tocopherol (s) . In other 
preferred embodiments, the gamma- tocopherol, beta- 
tocopherol or delta-tocopherol metabolite or derivative enriched 
compositions of the present invention comprise additional active 
ingredients, and/or additional non-tocopherols. In some. 

DETD ... of MCAO and at the time of reperfusion, as described in Example 
2. In further illustrative embodiments shown herein, a beta- 
tocopherol enriched tocopherol composition is shown to reduce 
total infarct size at three hours pre-MCAO when administered gavage and 
a delta-tocopherol. 

DETD [0029] "Cerebral Ischemia" or "cerebral ischemic" or 

"a cerebral ischemic condition" refer to a medical event which is 
pathological in origin, or to. . . against and flattens the arteries 
and veins inside the brain, thereby reducing their ability to carry 
blood through the brain. Cerebral ischemia may also 
occur as a result of macro- or micro-emboli, such as may occur 
subsequent to cardiopulmonary bypass surgery. 

DETD . . . are characterized by a 6-chromanol ring structure and a side 
chain at the 2 position. A "gamma-tocopherol enriched tocopherol 
composition", "beta- tocopherol enriched tocopherol 

composition" or a "delta-tocopherol enriched tocopherol composition" as 
used herein refers to the particular tocopherol as being enriched, 
DETD [0032] beta- tocopherol, 3, 4-dihydro-2, 5, 8-trimethyl- 

2- (4, 8, 12-trimethyltridecyl) -2H-l-ben2opyran-6-ol; 2,5, 8-trimethyl-2- 
(4,8, 12-trimethyltridecyl) -6-chromanol; 5-8-dimethyltocol; 



cumo tocopherol ; neotocopherol ; p-xylotocopherol ; 

DETD [0044] In the body of a subject, gamma- tocopherol, beta- 

tocopherol and delta-tocopherol break down into metabolites, 

including for exait^le, the metabolites described in Wechter et al. U.S. 

Pat. Nos. 6,150,402;. 

DETD . . . that comprises 50% or greater, a tocopherol other than 

alpha-tocopherol. Examples of non-alpha tocopherol enriched tocopherol 
compositions include without limitation, beta- 
tocopherol enriched tocopherol compositions, beta- 
tocopherol metabolite enriched coit^ositions, delta-tocopherol 
enriched tocopherol con^ositions, delta-tocopherol metabolite enriched 
compositions, gamma-tocopherol enriched tocopherol compositions, 
gamma-tocopherol metabolite enriched compositions, epsilon-tocopherol . 

DETD ... or "cytoprotective agents" are defined herein as compounds, 

mixtures, or formulations of compounds which are capable of preventing 

or treating cerebral ischemia, such as by reducing 

neuronal damage or symptoms thereof, associated with a 

cerebral ischemic condition and/or cell damage due to cerebral 

ischemia- "Amelioration" means the prevention, reduction, 

palliation, or a counter-acting of the negative aspects of an ischemic 

condition or ischemic state.. 

DETD . . . symptoms of a cerebral ischemic condition and/or injury (ies) 
suffered by cells, tissues, organs and/or organisms that is induced 
secondary to cerebral ischemia. Cytoprotective 

activity and injury can be quantified in assays which measure results of 
injury such as death and inhibition of. 

DETD [0055] By "amounts effective to reduce neuronal damage 

associated with a cerebral ischemic conditions and/or symptoms due to 

cerebral ischemia" is meant that the cytoprotective 

agent or agents (e.g., gamma-tocopherol, and/or beta- 

tocopherol, and/or delta tocopherol and/or a mixture thereof 

and/or derivatives and/or metabolites thereof) is present in a final 

concentration sufficient for reducing injury (ies) associated with a 

cerebral ischemic condition and/or symptoms due to cerebral 

ischemia. This amount includes, but is not limited to, a 

concentration which acts as a complete prophylaxis or treatment for a 

symptom of neuronal damage. An "effective amount" is 

an amount sufficient to effect beneficial or desired results. An 

effective amount can be administered in, . . least about 70%, even 

more preferably at least about 80%, and even more preferably at least 

about 90% reduction in neuronal damage. 

DETD . . . gamma-tocopherol derivatives and/or other tocopherols, eg, 

beta- and delta-tocopherol, for use as cytoprotectants against damage, 
injury (ies) and/or symptoms associated with cerebral 
ischemia. Also provided herein are gamma-tocopherol metabolite 
enriched compositions comprising gamma-tocopherol metabolite (s) that may 
further comprise gamma-tocopherol, and/or derivatives thereof, and/or 
other tocopherol metabolites, for use as cytoprotectants against damage, 
injury (ies) and/or symptoms associated with cerebral 
ischemia . 

DETD [0065] Provided herein are beta- tocopherol enriched 
tocopherol compositions comprising beta- tocopherol 
that may further comprise i>eta- tocopherol 
metabolites, and/or beta- tocopherol derivatives, 

and/or other tocopherols, eg, gamma- and delta-tocopherolfor use as 
cytoprotectants against damage, injury (ies) and/or symptoms associated 
with cerebral ischemia. Also provided herein are 
beta- tocopherol metabolite enriched compositions 
comprising beta- tocopherol metabolite (s) that may 
further comprise beta- tocopherol, and/or derivatives 

thereof, and/or other tocopherol metabolites, for use as cytoprotectants 
against damage, injury(ies) and/or symptoms associated with 
cerebral ischemia. 

DETD . . . enriched tocopherol compositions comprising delta-tocopherol 
that may further coit^rise delta-tocopherol metabolites, and/or 
delta-tocopherol derivatives, and/or other tocopherols, eg gamma- and 



beta- tocopherols for use as cytoprotectants against 

damage, injury (ies) and/or symptoms associated with cerebral 

ischemia. Also provided herein are delta-tocopherol metabolite 

enriched compositions comprising delta-tocopherol metabolite (s) that may 

further comprise delta-tocopherol, and/or derivatives thereof, and/or 

other tocopherol metabolites, for use as cytoprotectants against damage, 

injury (ies) and/or syit^toms associated with cearebral 

ischemia. 

DETD [0067] These compounds are present in the coir^ositions in amounts 

effective to ameliorate the injury (ies) and/or symptoms associated with 
cerebral ischemia- Preferably gamma-tocopherol 

enriched compositions comprise at least 50% gamma-tocopherol, at least 
55% gamma-tocopherol, at least 60% gamma-tocopherol, at least 65%. 
DETD [0069] Preferably beta- tocopherol enriched 

compositions comprise at least 50% beta- tocopherol/ 
at least 55% beta- tocopherol/ at least 60% 
beta- tocopherol/ at least 65% beta- 
tocopherol/ at least 70% beta- tocopherol/ at 
least 75% beta- tocopherol/ at least 80% beta 
-tocopherol/ at least 85% beta tocopherol/ 
at least 90% beta- tocopherol and at least 95% 
beta- tocopherol . Beta- tocopherol 

enriched tocopherol compositions may also comprise beta- 
tocopherol derivative (s ) and/or beta 

tocopherol metabolite (s) , and/or other tocopherol (s) and/ or 
mixtures thereof. Beta- tocopherol enriched 

tocopherol compositions comprises less than 50% alpha-tocopherol, less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol, less than 35% 
alpha-tocopherol, . 
DETD [0070] Preferably, beta- tocopherol metabolite 

enriched compositions comprise at least 50% beta- 

tocopherol metabolite, at least 55% beta- 

tocopherol metabolite, at least 60% beta- 

tocopherol metabolite, at least 65% beta- 

tocopherol metabolite, at least 70% beta- 

tocopherol metabolite, at least 75% beta- 

tocopherol metabolite, at least 80% beta- 

tocopherol metabolite, at least 85% beta 

tocopherol metabolite, at least 90% beta- 

tocopherol metabolite and at least 95% beta- 

tocopherol metabolite. In preferred embodiments, beta- 

tocopherol metabolite enriched compositions comprises less than 

50% alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 

alpha-tocopherol, less than 35% alpha-tocopherol, . . . than 25% 

alpha-tocopherol, less than 20% alpha-tocopherol, less than 15% 

alpha-tocopherol, less than 10% alpha-tocopherol or less than 5% 

alpha-tocopherol. Beta- tocopherol metabolite 

enriched compositions may also comprise beta- 

tocopherol and/ or a beta tocopherol 

derivative (s) , and/or other tocopherol (s) and/ or mixtures thereof. 
DETD . . . gamma-tocopherol enriched composition was able to reduce 

infarct size by 77% when administered by gavage at 10.00 mg/kg and a 
beta- tocopherol containing composition (obtained from 
Matreys, Inc. Pleasant Gap, Pa. and coit^rising greater than 90% 
beta- tocopherol) when administered gavage at 10.00 

mg/kg was able to reduce infarct size by 76%. It was also shown that 
gamma-CEHC enriched composition decreased neuronal 
damage by 50-65% in drug ranges 0.1-5 mg/kg when administered IV 
at MCAO. 

DETD [0151] gamma-tocopherol enriched con^osition for gavage administration 
comprising at least 50% gamma-tocopherol and beta- 
tocopherol ; 

DETD [0152] beta- tocopherol compositions comprising 

greater than 90% beta -tocopherol and more 

preferably, greater than 95% beta- tocopherol; and 
DETD . . • include without limitation the use of hippocan^^al cell assay, 

animal cerebral infarct assay and animal assay for behavioral recovery 



after cerebral ischemia- Gamma-, beta-, or 

delta-tocopherol enriched tocopherol con^ositions and ganmia-, beta-, or 
delta-tocopherol metabolite enriched compositions suitable for the 
present invention. . . condition, reduction in infarct size, 
reduction in cognitive disorder as measured by the methods disclosed in 
the Exanples. Reduction in neuronal damage 

associated with a cerebral ischemic condition is quantified at least 
about 30%, preferably at least about 50%, more preferably at. 
DETD [0159] In one aspect, methods of the present invention relate to 
preventing neuronal damage in a mammalian subject at 

risk of developing injury due to a cerebral ischemic condition, e.g. for 
example, by an infarct in the brain. The methods of reducing 
neuronal damage relate to minimizing the extent and/or 
severity of injury in the brain associated with or due to a cerebral 
ischemic. . . ameliorating or reducing the injury that would 
otherwise occur. The methods encompass administering a gamma-tocopherol 
enriched tocopherol composition and/or a beta- 
tocopherol enriched tocopherol composition and/or a 

delta-tocopherol enriched tocopherol composition and/or a gamma-, beta-, 
or delta-tocopherol metabolite enriched composition (s ) to a. 
subject. The amount administered and the duration of the treatment are 
effective to minimize the size and/or severity of the neuronal 
damage in the mammalian subject as measured by for example, 
reduction in neuronal cell death and/or reduction in tissue edema 
associated. . . in infarct size. Thus, it is anticipated that as a 
result of such treatment the size and/or severity of any 
neuronal damage that develops is minimized. 
DETD [0160] The present invention provides prophylactic treatments for 
neuronal damage including cell death and/or presence 

of tissue edema and/or cognitive dysfunction and/or cerebral infarcts 
which may be due to ischemic, . . . gamma-, beta-, or delta-tocopherol 
metabolite enriched compositions of the present invention are 
administered to a subject at risk of experiencing neuronal 
damage associated or due to a cerebral ischemic condition, and 
ameliorates the severity of the damage, should it occur. The method is 
intended for a subject at risk of neuronal damage 

that is associated with, or results from, an acute or chronic medical 

condition. Such conditions might arise as a result. . . emergent 

medical condition such as a stroke or severe blood loss. Other 

conditions which place a subject at risk for neuronal 

dcunage associated with a cerebral ischemic condition include a 

genetic predisposition to stroke or a condition that is understood to 

increase. 

DETD [0161] Additional medical conditions that place a subject at risk for 

neuronal damage associated with or due to a cerebral 

ischemic condition include, but are not limited to, thrombosis; 

vasculitis (including collagen vascular. 
DETD [0162] Medical conditions that place a subject at risk of 

neuronal damage associated with or due to a cerebral 

ischemic condition due to intracranial hemorrhage include, but are not 
limited to, spontaneous. 
DETD . . . thereof, in an effective amount. With regard to a cerebral 
ischemic condition, an effective amount is one sufficient to reduce 
neuronal damage resulting from the cerebral ischemic 
condition. A reduction of neuronal damage is any 

prevention of injury to the brain which otherwise would have occurred in 

a subject experiencing a cerebral ischemic. 
DETD . . . supplements may also be incorporated into food stuffs, such as, 

functional foods designed to promote cerebral health or to prevent 

cerebral ischemia. If administered as a medicinal 

preparation, the composition can be administered, either as a 

prophylaxis or treatment, to a patient. 
DETD . . . and ex vivo use, a variety of concentrations may be used and 

various assays employed to determine the degree of neuronal 

damage, such as, for example, measurements of cell death, 

infarct size, and cognitive dysfunction. 
DETD . . . enriched tocopherol compositions, and/or gamma-, beta-, or 



delta-tocopherol metabolite enriched coitpositions, and methods using the 
conpositions are capable of reducing neuronal damage 
associated with cerebral ischemia. These conditions 

can be induced experimentally by chemical interference or by changing 
the environmental conditions in the laboratory (e.g., by. 

DETD [0200] Various assays, compositions and methods useful for identifying 
con^ositions and methods for reducing neuronal damage 
are provided in the Examples. 

DETD [0221] This assay is used to assess the efficacy of the test agents in 
protecting the brain against necrosis following cerebral 
ischemia induced in rats. Middle Cerebral Artery Occlusion 
(MCAO) is a widely used technique to induce transient focal 
cerebral ischemia in animal models. It has been 

demonstrated that the rat model of MCAO is an appropriate approximation 
of ischemic damage. 
DETD . . . enriched tocopherol composition or a gamma-tocopherol 

metabolite enriched composition provided protection to the brain against 
damage and effects associated with cerebral ischemia 

DETD Animal Assay for Behavioral Recovery after Cerebral 
Ischemia 

DETD [0266] This assay is used to assess the efficacy of the test agents in 
behavioral recovery after cerebral ischemia induced 

in rats. Clinical behavior evaluation includes neurological examination, 
sensomotor activity and learning and memory behavior testing. 
CLM What is claimed is: 

comprising administering to the subject an effective amount of a 
non-alpha tocopherol enriched tocopherol composition, and by said 
administering, reducing neuronal damage related to 
said cerebral ischemic condition. 

4. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a beta- tocopherol enriched 
tocopherol composition. 

5. The method of claim 1 wherein the non-alpha tocopherol enriched 
tocopherol composition is a beta- tocopherol 

metabolite enriched composition. 

11. The method of claim 1 wherein the cerebral 
ischemia is due to a spasm of the coronary vasculature. 

33. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 50% beta- 
tocopherol • 

34. The method of claim 4 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 65% beta- 
tocopherol • 

35. The method of claim 4 wherein said beta-tocopherol 
enriched tocopherol composition comprises at least 75% beta- 
tocopherol . 

36. The method of claim 4 wherein said iDeta- tocopherol 
enriched tocopherol coit^osition comprises at least 90% beta- 
tocopherol . 

37. The method of claim 4 wherein said beta-tocopherol 
enriched tocopherol composition comprises at least 95% beta- 
tocopherol . 

38 . The method of claim 4 wherein said beta-tocopherol 
enriched tocopherol composition coit^rises at least 98% beta- 
tocopherol . 



39. The method of claim 5 wherein said beta-tocopherol 



metabolite enriched composition coit^rises at least 50% beta- 
tocopherol metabolite. 

40. The method of claim 5 wherein said beta- tocopherol 
metabolite enriched coit^osition comprises at least 65% beta- 
tocopherol metabolite. 

41. The method of claim 5 wherein said beta-tocopherol 
metabolite enriched con^osition con^rises at least 90% beta- 
tocopherol metabolite - 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides compositions and methods for the 

treatment of tissue ischemia, and in particular, cerebral 
ischemia. In particular, the present invention provides gamma-, 
beta-, or delta-tocopherol enriched tocopherol compositions and gamma-, 
beta-, or delta-tocopherol metabolite enriched compositions and/or 
flavonoid enriched and/or a flavonoid derivative enriched compositions 
and methods for their use in preventing or treating a tissue ischemic 
condition or a cerebral ischemic condition. The present invention also 
provides pharmaceutical compositions comprising gamma-, beta-, or 
delta-tocopherol enriched tocopherol composition, a gamma-, beta-, or 
delta-tocopherol metabolite enriched compositions or flavonoid enriched 
compositions or flavonoid derivative enriched compositions. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides compositions and methods for the 

treatment of tissue ischemia, and in particular, cerebral 
ischemia. In particular, the present invention provides gamma-, 
beta-, or delta-tocopherol enriched tocopherol compositions and gamma-, 
beta-, or delta-tocopherol metabolite enriched. 

SUMM [0002] This invention generally relates to compositions and methods 
comprising gamma-tocopherol and/or a metabolite and/or a derivative 
thereof; beta- tocopherol and/or a metabolite and/or 
a derivative thereof; delta-tocopherol and/or a metabolite and/or 
derivative thereof; and/or a flavonoid and/or a derivative. 

SUMM [0003] Ischemia may be defined as the loss of blood flow to a tissue. 
Cerebral ischemia, also known as strolce, is the 

interruption or reduction of blood flow in the arteries feeding the 
brain. Loss of. 

SUMM . . . Res. Comm. Mol. Pathol. Pharmacol. 101:259-268; Gebicki et al. 
(1999) Biochem. J. 338:629-636. ROS are also produced in response to 



cerebral ischemia/ including that caused by stroke, 

traumatic head injury and spinal injury. In addition, when metabolism 
increases or a body is. 
SUMM . . . 93:6002-6007). See also U.S. Pat. Nos. 6,150,402; 6,083,982; 

6,048,891, and 6,242,479. Alpha-tocopherol has been alleged to have an 
effect on cerebral ischemia. Yamamoto et al., 1983, 

Stroke, vol. 14:977-982; Hara et al., 1990, Brain Research, vol. 510: 
335-338; and Altura, et al.,. 
SUMM . . . in a mammalian subject. The present invention also relates to 
compositions and methods for treating and/or ameliorating the symptoms 
of cerebral ischemia in a mammalian subject. 

Accordingly, the present invention provides methods for treating and/or 
ameliorating the symptoms of a cerebral ischemic. . . comprising 
administering to the subject an effective amount of a non-alpha 
tocopherol enriched tocopherol composition, and by said administering, 
reducing neuronal damage related to said cerebral 
ischemic condition. In some embodiments, the non-alpha tocopherol 
enriched tocopherol composition is a gamma-tocopherol enriched 
tocopherol. . . the non-alpha tocopherol is a gamma-tocopherol 
metabolite enriched composition. In other embodiments, the non-alpha 
tocopherol enriched tocopherol composition is a beta- 
tocopherol enriched tocopherol composition. In further 
embodiments, the non-alpha tocopherol is a beta- 
tocopherol metaoblite enriched composition. In further 

embodiments, the non-alpha tocopherol enriched tocopherol composition is 
a delta-tocopherol enriched tocopherol composition. In yet. . . In 
other aspects the present invention provides gamma-tocopherol enriched 
tocopherol compositions comprising gamma tocopherol in an amount 
effective to reduce neuronal damage related to a 

cerebral ischemic condition. In further embodiments, the present 
invention provides beta- tocopherol enriched 
tocopherol compositions comprising beta tocopherol 
in an amount effective to reduce neuronal damage 

related to a cerebral ischemic condition. In yet further embodiments, 
the present invention provides delta-tocopherol enriched tocopherol 
compositions comprising delta tocopherol in an amount effective to 
reduce neuronal damage related to a cerebral 

ischemic condition. 

SUMM . . . symptoms of a tissue ischemic condition in a mammalian subject, 
comprising administering to the subject an effective amount of a 
beta- tocopherol enriched tocopherol composition, and 
by said administering, reducing tissue damage related to said tissue 
ischemic condition. The present invention also. . . symptoms of a 
tissue ischemic condition in a mammalian subject, comprising 
administering to the subject an effective amount of a beta- 
tocopherol metabolite enriched composition, and by said 
administering, reducing tissue damage related to said tissue ischemic 
condition. In some embodiments, the tissue ischemic condition is 
selected from the group consisting of cerebral 
ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; myocardial ischemia associated with myocardial 
infarction; mycardial ischemia associated with CHF, ischemia associated. 

gangrenous conditions, post-trauma syndrome, cardiac arrest 
resuscitation, peripheral nerve damage or neuropathies. In some 
embodiments, the tissue ischemic condition is cerebral 
ischemia. In further embodiments, a composition comprises a 
beta- tocopherol in a range of about 1 to about 1000 mg 

per kg body weight of said mammalian subject. In additional embodiments, 
a composition comprises a beta- tocopherol in a range 

of about 1 to about 50 mg per kg body weight of said mammalian subject. 
In yet additional embodiments, a cortposition comprises a beta- 
tocopherol in a range of about 10 to about 100 mg per kg body 
weight of said mammalian subject. 
SUMM . . . related to said tissue ischemic condition. In some embodiments, 
the tissue ischemic condition is selected from the group consisting of 
cerebral ischemia; intestinal ischemia; spinal cord 

ischemia; cardiovascular ischemia; myocardial ischemia associated with 



myocardial infarction; mycardial ischemia associated with CHF, ischemia 
associated. . . gangrenous conditions, post-trauma syndrome, cardiac 
arrest resuscitation, peripheral nerve damage or neuropathies. In 
further embodiments, the tissue ischemic condition is cerebral 
ischemia. In further embodiments, a con^osition comprises a 
delta- tocopherol in a range of about 1 to about 1000 mg per kg. 
SUMM ... by said administering, reducing tissue damage related to said 
tissue ischemic condition. In some embodiments, the tissue ischemic 
condition is cerebral ischemia* In other 

embodiments, the tissue ischemic condition is cardiovascular ischemia. 
In further embodiments, the non-alpha tocopherol is selected from the 
group consisting of gamma- tocopherol, beta- tocopherol 
, delta-tocopherol, a gamma- tocopherol metabolite, a beta- 
tocopherol metabolite, and a delta-tocopherol metabolite. In 
further embodiments, the non-alpha tocopherol is gamma- to cophe rol . In 
yet additional embodiments, the non-alpha- tocopherol is. 
SUMM . . . 70%, at least 80%, at least 90%, at least 95% gamma -tocopherol, 
or at least 98% gamma-tocopherol . In other aspects, a beta- 
tocopherol enriched tocopherol composition comprises at least 
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 
95% beta- tocopherol, or at least 98% beta- 

tocopherol. In yet other aspects, a delta-tocopherol enriched 
tocopherol composition comprises at least 50%, at least 60%, at least 
70%, at. . . least 95%, or at least 98% gamma-tocopherol metabolite. 
In some embodiments, the gamma-tocopherol metabolite is gamma-CEHC. In 
other aspects, a beta- tocopherol metabolite enriched 

composition comprises at least 50%, at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, or at least 98% beta- 
tocopherol metabolite. In yet other aspects, a delta-tocopherol 
metabolite enriched composition comprises at least 50%, at least 60%, at 
least 70%, ... 

SUMM [0022] The present invention also provides compositions comprising a 
non-alpha tocopherol and a flavonoid in amounts effective to reduce 
neuronal damage related to a cerebral ischemic 

condition. In some embodiments, the composition comprises hesperetin or 

quercetin. In other embodiments, the composition. 
DRWD [0028] FIG. 5 shows the effect of gamma-tocopherol on stroJce protection 

as measured in a cerebral ischemia MCAO model. 
DETD ... of naturally-occurring compounds that can be used in 

nutritional and pharmaceutical compositions that are protective in 

tissue ischemia, such as cerebral ischemia (strolce) 

and mycardial injury subsequent to ischemia or hypoxia. The present 
invention provides compositions and methods for treating and/or 
ameliorating the symptoms of tissue ischemia, such as for example, 
cerebral ischemia, cardiovascular ischemia, spinal 

cord ischemia, intestinal ischemia, liver ischemia, Icidney ischemia, 
dermal ischemia, and other tissue ischemias by for example. . . size 
associated with myocardial ischemia. The present invention also provides 
compositions and methods for treating and/or ameliorating the symptoms 
of cerebral ischemia, such as for exanple, by 

reducing neuronal cell death, reducing tissue edema, and/or reducing 
cognitive dysfunction associated with a cerebral. 
DETD [0032] The present invention provides gamma-tocopherol enriched 
tocopherol coitpositions, beta- tocopherol enriched 

tocopherol compositions and delta-tocopherol enriched compositions and 
methods for using such compositions. In preferred embodiments, 
gamma-tocopherol enriched tocopherol compositions. . . an amount 
effective to reduce cell death, reduce infarct size, reduce tissue edema 
associated with the ischemic condition, and/or in cerebral 
ischemia, reduce cognitive dysfunction and may further comprise 
a gamma-tocopherol metabolite and/or derivative and may further comprise 
additional tocopherols and/or other. 
DETD [0034] In preferred embodiments, beta- tocopherol 

enriched tocopherol compositions of the present invention comprise at 
least 50% beta- tocopherol, at least 55% beta 
-tocopherol/ at least 60% beta- tocopherol r 
at least 65% beta- tocopherol, at least 70% 



beta- tocopherol/ at least 75% beta- 

tocppherol/ at least 80% beta- tocopherols at 

least 85% beta tocopherol, at least 90% beta 

-tocopherol and at least 95% beta- tocopherol 

. Beta- tocopherol enriched tocopherol compositions 

con^)rise less than 50% alpha- tocopherol, less than 45% alpha- tocopherol, 

less than 40% alpha- tocopherol, less than 35% alpha-tocopherol, . 

less than 20% alpha-tocopherol, less than 15% alpha-tocopherol, less 

than 10% alpha-tocopherol or less than 5% alpha-tocopherol. In some 

embodiments, beta- tocopherol enriched tocopherol 

compositions comprise beta- tocopherol as the sole 

active ingredient. In additional preferred embodiments, a beta 

^tocopherol enriched tocopherol composition comprises 

beta- tocopherol in an amount effective to reduce cell 

death, reduce infarct size, reduce tissue edema associated with the 

ischemic condition, and/or reduce cognitive dysfunction, such as in 

cerebral ischemia and may further comprise a 

beta- tocopherol metabolite and/or derivative and may 

further comprise additional tocopherols and/or other ingredients. In 

other preferred embodiments, the beta- tocopherol 

enriched tocopherol compositions of the present invention comprise 
additional active ingredients, and/or additional non-tocopherols . In 
some embodiments of beta- tocopherol enriched 
tocopherol compositions, the beta -tocopherol and 
additional ingredient (s) provide a synergistic effect. Beta- 
tocopherol and an additional ingredient are considered to be 
synergistic when their combined effect is greater than additive of the 
individual . 

DETD . . . cell death, reduce infarct size, reduce tissue edema associated 
with the ischemic condition, and/or reduce cognitive dysfunction, such 
as for cerebral ischemia and may further comprise a 

delta-tocopherol metabolite and/or derivative and may further comprise 
additional tocopherols and/or other ingredients. In other. 
DETD [0036] Assays for measuring the effect of gamma-tocopherol enriched 
tocopherol compositions, beta- tocopherol enriched 

compositions and delta-tocopherol compositions are provided herein and 
are known to those of skill in the art. 
DETD [0037] In other aspects, the present invention provides gamma-tocopherol 
metabolite or derivative enriched compositions, beta- 
tocopherol metabolite or derivative enriched compositions, 
delta-tocopherol metabolite or derivative enriched compositions, and 
flavonoid enriched compositions, and methods for using such 
compositions. In preferred embodiments, the gamma-tocopherol, 
beta- tocopherol or delta-tocopherol metabolite 

enriched compositions of the present invention comprise at least 50% 
gamma-, beta-, or delta-tocopherol metabolite or derivative, . . . 90% 
gamma-, beta-, or delta-tocopherol metabolite or derivative and at least 
95% gamma-, beta-, or delta-tocopherol metabolite or derivative. 
Gamma-tocopherol, beta- tocopherol or 

delta-tocopherol metabolite enriched compositions comprises less than 
50% alpha-tocopherol, less than 45% alpha-tocopherol, less than 40% 
alpha-tocopherol, less than. . . cell death, reduce infarct size, 
reduce tissue edema associated with the ischemic condition, and/or 
reduce cognitive dysfunction, such as in cerebral 
ischemia* A gamma-, beta-, or delta-tocopherol metabolite or 
derivative enriched composition may further comprise tocopherol (s) . In 
other preferred embodiments, the gamma-tocopherol, beta- 
tocopherol or delta-tocopherol metabolite or derivative enriched 
compositions of the present invention comprise additional active 
ingredients, and/or additional non-tocopherols. In some. 

DETD ... of MCAO and at the time of reperfusion, as described in Exait^le 
2. In further illustrative embodiments shown herein, a beta- 
tocopherol enriched tocopherol composition is shown to reduce 
total infarct size at three hours pre-MCAO when administered gavage and 
a delta-tocopherol. 

DETD ... a region of the tissue is impeded or blocked, either 

temporarily, as in vasospasm or transient ischemic attach (TIA) in 



cerebral ischemia or permanently, as in throitibolic 
occlusion in cerebral ischemia. The affected region 

is deprived of oxygen and nutrients as a consequence of the ischemic 
event. This deprivation leads to the injuries of infarction or in the 
region affected. The present invention enconpasses cerebral 
ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; ischemia associated with CHF, liver ischemia; 
kidney ischemia; dermal ischemia; vasoconstriction-induced tissue 
ischemia, . . . against and flattens the arteries and veins inside the 
tissue, thereby reducing their ability to carry blood through the 
tissue. Cerebral ischemia may also occur as a result 
of macro-or micro-emboli, such as may occur subsequent to 
cardiopulmonary bypass surgery. Age-related macular. 
DETD [0041] "Cerebral Ischemia" or "cerebral ischemic" or 

"a cerebral ischemic condition" refer to a medical event which is 
pathological in origin, or to. . . against and flattens the arteries 
and veins inside the brain, thereby reducing their ability to carry 
blood through the brain. Cerebral ischemia may also 

occur as a result of macro-or micro-emboli, such as may occur subsequent 
to cardiopulmonary bypass surgery. 
DETD . . . are characterized by a 6-chromanol ring structure and a side 
chain at the 2 position. A "garama-tocopherol enriched tocopherol 
composition", "beta- tocopherol enriched tocopherol 

composition" or a "delta-tocopherol enriched tocopherol composition" as 
used herein refers to the particular tocopherol as being enriched. 

DETD [0044] beta- tocopherol, 3, 4-dihydro-2, 5, 8-trimethyl- 

2- (4,8, 12-trimethyltridecyl) -2H-l-benzopyran-6-ol; 2,5, 8-trimethyl-2- 
(4,8, 12-trimethyltridecyl) -6-chromanol; 5-8-dimethyltocol; 
cumotocopherol ; neotocopherol ; p-xylotocopherol ; 

DETD [0056] In the body of a subject, gamma-tocopherol, beta- 

tocopherol and delta-tocopherol brealc down into metabolites, 

including for example, the metabolites described in Wechter et al . U.S. 

Pat. Nos. 6,150,402;. 

DETD . . . that comprises 50% or greater, a tocopherol other than 

alpha-tocopherol . Examples of non-alpha tocopherol enriched tocopherol 
compositions include without limitation, beta- 
tocopherol enriched tocopherol compositions, beta- 
tocopherol metabolite enriched compositions, delta-tocopherol 
enriched tocopherol compositions, delta-tocopherol metabolite enriched 
compositions, gamma-tocopherol enriched tocopherol compositions, 
gamma-tocopherol metabolite enriched compositions, epsilon-tocopherol . 

composition that is enriched in a tocopherol other than 
gamma-tocopherol. Examples of non-gamma tocopherol enriched tocopherol 
compositions include without limitation, beta- 
tocopherol enriched tocopherol compositions, beta- 
tocopherol metabolite enriched compositions, delta-tocopherol 
enriched tocopherol compositions, delta-tocopherol metabolite enriched 
compositions, gamma-tocopherol enriched tocopherol compositions, 
gamma-tocopherol metabolite enriched compositions, epsilon-tocopherol. 

is enriched in a tocopherol other than alpha-tocopherol and 
gamma-tocopherol. Examples of non-alpha, non-gamma-tocopherol enriched 
tocopherol compositions include without limitation, beta- 
tocopherol enriched tocopherol compositions, beta- 
tocopherol metabolite enriched compositions, delta-tocopherol 
enriched tocopherol compositions, delta-tocopherol metabolite enriched 
compositions, gamma-tocopherol enriched tocopherol compositions, 
gamma-tocopherol metabolite enriched compositions, epsilon-tocopherol. 

DETD . . • compounds, mixtures, or formulations of compounds which are 
capable of preventing or treating a tissue ischemia, such as for 
example, cerebral ischemia, such as by reducing 

tissue or cell damage or symptoms thereof, associated with an ischemic 
condition and/or cell damage due. 
DETD . . . tissue ischemic conditions and/or symptoms due to tissue 
ischemia" is meant that the cytoprotective agent or agents (e.g., 
gamma-tocopherol, and/or beta- tocopherol/ and/or 

delta tocopherol and/or a mixture thereof and/or derivatives and/or 



metabolites thereof and/or a flavonoid and/or derivatives thereof) is 
present. . . a concentration which acts as a complete prophylaxis or 
treatment for a symptom of cellular or tissue damage, such as 
neuronal damage for cerebral 

ischemia- An "effective amount" is an amount sufficient to 
effect beneficial or desired results. An effective amount can be 
administered in. . . a tissue ischemic condition, the size and/or 
severity of an infarct in the tissue, such as in the brain for 
cerebral ischemia^ of the subject may be determined, 

for example, by various noninvasive radiological procedures and/or by 
various symptomatic and diagnostic procedures, . . more preferably at 
least about 80%, and even more preferably at least about 90% reduction 
in tissue damage, such as neuronal damage for 
cerebral ischemia. 

DETD . . . gamma-tocopherol metabolites, and/or derivatives thereof, 

and/or other tocopherol metabolites, for use as cytoprotectants against 
damage, injury (ies) and/or symptoms associated with cerebral 
ischemia. 

DETD . . . comprise gamma-tocopherol, and/or derivatives thereof, and/or 

other tocopherol metabolites, for use as cytoprotectants against damage, 

injury (ies) and/or symptoms associated with cerebral 

ischemia. 

DETD [0089] Provided herein are beta- tocopherol enriched 
tocopherol compositions comprising beta- tocopherol 
that may further comprise beta- tocopherol 
metabolites, and/or beta- tocopherol derivatives, 

and/or other tocopherols, eg, gamma- and delta-tocopherol for use as 
cytoprotectants against damage, injury(ies) and/or symptoms associated 
with tissue ischemia. Also provided herein are beta- 
tocopherol metabolite enriched compositions comprising 
beta-tocopherol metabolite (s) that may further 
comprise beta-tocopherol, and/or derivatives 

thereof, and/or other tocopherol metabolites, for use as cytoprotectants 
against damage, injury (ies) and/or symptoms associated with tissue 
ischemia . 

DETD . . . enriched tocopherol compositions comprising delta-tocopherol 

that may further comprise delta-tocopherol metabolites, and/or 
delta-tocopherol derivatives, and/or other tocopherols, eg gamma- and 
beta-tocopherol, for use as cytoprotectants against 

damage, injury (ies) and/or symptoms associated with tissue ischemia. 
Also provided herein are delta-tocopherol metabolite enriched. 
DETD . , . enriched compositions and compositions comprising 

gamma-tocopherol and a flavonoid for use as cytoprotectants against 
damage, injury (ies) and/or symptoms associated with cerebral 
ischemia. 

DETD . . . present in the compositions in amounts effective to ameliorate 
the injury (ies) and/or symptoms associated with a tissue ischemia, such 
as cerebral ischemia. Preferably gamma-tocopherol 

enriched compositions comprise at least 50% gamma-tocopherol, at least 
55% gamma-tocopherol, at least 60% gamma-tocopherol, at least 65%. 
DETD [0094] Preferably beta-tocopherol enriched 

compositions comprise at least 50% beta-tocopherol, 
at least 55% beta-tocopherol, at least 60% 
beta-tocopherol, at least 65% beta- 
tocopherol, at least 70% beta- tocopherol/ at 
least 75% beta-tocopherol, at least 80% beta 
-tocopherol, at least 85% beta tocopherol, 
at least 90% beta-tocopherol and at least 95% 
beta- tocopherol . Beta- tocopherol 

enriched tocopherol compositions may also comprise beta- 
tocopherol derivative (s) and/or beta 

tocopherol metabolite ( s ) , and/or other tocopherol (s ) and/or 
mixtures thereof. Beta-tocopherol enriched 

tocopherol compositions comprises less than 50% alpha-tocopherol, less 
than 45% alpha-tocopherol, less than 40% alpha-tocopherol, less than 35% 
alpha-tocopherol, . 
DETD [0095] Preferably, beta-tocopherol metabolite 



enriched coit^ositions comprise at least 50% beta- 

tocopherol metabolite, at least 55% beta- 

tocopherol metabolite, at least 60% beta- 

tocopherol metabolite, at least 65% beta- 

tocopherol metabolite, at least 70% beta- 

tocopherol metabolite, at least 75% beta- 

tocopherol metabolite, at least 80% beta- 

tocopherol metabolite, at least 85% beta 

tocopherol metabolite, at least 90% beta- 

tocopherol metabolite and at least 95% beta- 

tocopherol metabolite. In preferred embodiments, beta- 

tocopherol metabolite enriched compositions coit^rises less than 

50% alpha- tocopherol, less than 45% alpha-tocopherol, less than 40% 

alpha-tocopherol, less than 35% alpha-tocopherol, . . . than 25% 

alpha- tocopherol, less than 20% alpha-tocopherol, less than 15% 

alpha-tocopherol, less than 10% alpha-tocopherol or less than 5% 

alpha-tocopherol. Beta- tocopherol metabolite 

enriched compositions may also comprise beta- 

tocopherol and/ or a beta tocopherol 

derivative (s) , and/or other tocopherol (s) and/or mixtures thereof. 
DETD . . . metabolite enriched composition, garama-CEHC (greater than 98% 
gamma-CEHC) are able to reduce total infarct size in an animal model of 
cerebral ischemia, the middle cerebral artery 

occlusion (MCAO model), when administered at the time of MCAO and when 
administered at reperfusion (see. . . at 0.60 mg/kg was able to 
reduce infarct size by 52%. It was also shown that gamma-CEHC enriched 
composition decreased neuronal damage by 50-65% in 
drug ranges 0.1-5 mg/kg when administered IV at MCAO. 
DETD . . . size by 53% and 77%, respectively, when administered by oral 
gavage at 4 mg/kg and 10 mg/kg, respectively Similarly, a beta 
-tocopherol containing composition (obtained from Matreys, 
Inc. Pleasant Gap, Pa. and comprising greater than 90% beta- 
tocopherol) when administered oral gavage pre-MCAO at 10 mg/kg 
was reduced infarct size by 76%. A delta-tocopherol enriched composition 
administered by. 

DETD [0180] gamma-tocopherol enriched coir^osition for gavage administration 
comprising at least 50% gamma-tocopherol and beta- 
tocopherol ; 

DETD [0181] beta- tocopherol compositions comprising 
greater than 90% beta- tocopherol and more 
preferably, greater than 95% beta- tocopherol; and 

DETD . . . include without limitation the use of hippocampal cell assay, 
animal cerebral infarct assay and animal assay for behavioral recovery 
after cerebral ischemia, and congestive heart 

failure model (CHF) . Gamma-, beta-, or delta-tocopherol enriched 
tocopherol compositions and gamma-, beta-, or delta-tocopherol 
metabolite enriched. . . reduction in tissue edema associated with an 
ischemic condition, reduction in infarct size, reduction in cognitive 
disorder, such as in cerebral ischemia, as measured 
by the methods disclosed in the Examples. Reduction in cellular or 
tissue damage associated with a ischemic condition. 
DETD [0191] compositions comprising beta- tocopherol and 
hesperetin; 

DETD [0192] compositions coitprising beta- tocopherol and 

quercetin; and 
DETD [0193] compositions comprising beta- tocopherol, 

hesperetin and quercetin; 
DETD [0198] In one aspect, methods of the present invention relate to 
preventing neuronal damage in a mammalian subject at 

risk of developing injury due to a cerebral ischemic condition, e.g. for 
exanple, by an infarct in the brain. The methods of reducing 
neuronal damage relate to minimizing the extent and/or 
severity of injury in the brain associated with or due to a cerebral 
ischemic. . . that would otherwise occur. The methods encompass 
administering a non-alpha tocopherol, such as, a gamma-tocopherol 
enriched tocopherol composition and/or a beta- 
tocopherol enriched tocopherol composition and/or a 
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delta- tocopherol enriched tocopherol con^osition and/or a gamma-, beta-, 
or delta-tocopherol metabolite enriched composition, and/or a. 
subject. The amount administered and the duration of the treatment are 
effective to minimize the size and/or severity of the neuronal 
damage in the mammalian subject as measured by for example, 
reduction in neuronal cell death and/or reduction in cerebral edema 
associated. . . in infarct size. Thus, it is anticipated that as a 
result of such treatment the size and/or severity of any 
neuronal damage that develops is minimized. 

[0199] The present invention provides prophylactic treatments for 
neuronal damage including cell death and/or presence 

of tissue edema and/or cognitive dysfunction and/or cerebral infarcts 
which may be due to ischemic, . . . flavonoid enriched and/or 
flavonoid derivative enriched compositions of the present invention are 
administered to a subject at risk of experiencing neuronal 
damage associated or due to a cerebral ischemic condition, and 
ameliorates the severity of the damage, should it occur. The method is 
intended for a subject at risk of neuronal damage 

that is associated with, or results from, an acute or chronic medical 

condition. Such conditions might arise as a result. . . emergent 

medical condition such as a stroke or severe blood loss. Other 

conditions which place a subject at risk for neuronal 

damage associated with a cerebral ischemic condition include a 

genetic predisposition to stroke or a condition that is understood to 

increase. 

[0200] Additional medical conditions that place a subject at risk for 
neuronal damage associated with or due to a cerebral 
ischemic condition include, but are not limited to, thrombosis; 
vasculitis (including collagen vascular. 

[0201] Medical conditions that place a subject at risk of 
neuronal damage associated with or due to a cerebral 

ischemic condition due to intracranial hemorrhage include, but are not 
limited to, spontaneous. 

to a myocardial ischemic condition by ameliorating or reducing 
the injury that would otherwise occur. The methods encompass 
administering a beta- tocopherol enriched tocopherol 

composition and/or a delta-tocopherol enriched tocopherol composition 
and/or a beta-, or delta-tocopherol metabolite enriched composition 
and/or a flavonoid. 

ameliorating or reducing the injury that would otherwise occur. 
The methods encompass administering a gamma- tocopherol enriched 
tocopherol composition and/or a beta- tocopherol 

enriched tocopherol composition and/or a delta-tocopherol enriched 
tocopherol composition and/or a gamma-, beta-, or delta-tocopherol 
metabolite or derivative enriched composition. 

ameliorating or reducing the injury that would otherwise occur. 
The methods encompass administering a gamma-tocopherol enriched 
tocopherol composition and/or a beta- tocopherol 

enriched tocopherol composition and/or a delta-tocopherol enriched 
tocopherol composition and/or a gamma-, beta-, or delta-tocopherol 
metabolite or derivative enriched composition. 

composition in an effective amount. With regard to a cerebral 
ischemic condition, an effective amount is one sufficient to reduce 
neuronal damage resulting from the cerebral ischemic 
condition. A reduction of neuronal damage is any 

prevention of injury to the brain which otherwise would have occurred in 
a subject experiencing a cerebral ischemic. 

supplements may also be incorporated into food stuffs, such as, 
functional foods designed to promote cerebral health or to prevent 
cerebral ischemia. If administered as a medicinal 
preparation, the composition can be administered, either as a 
prophylaxis or treatment, to a patient. 

and ex vivo use, a variety of concentrations may be used and 
various assays employed to determine the degree of neuronal 
damage/ such as, for example, measurements of cell death, 
infarct size, and cognitive dysfunction. 

enriched tocopherol compositions, and/or gamma-, beta-, or 



delta-tocopherol metabolite enriched compositions, and methods using the 
coziqpositions are capable of reducing neuronal damage 
associated with cerebral ischemia* These conditions 

can be induced experimentally by chemical interference or by changing 

the environmental conditions in the laboratory (e.g., by. 

[0246] Various assays, compositions and methods useful for identifying 

coit^ositions and methods for reducing neuronal damage 

are provided in the Examples. 

[0267] This assay is used to assess the efficacy of the test agents in 
protecting the brain against necrosis following cerebral 
ischemia induced in rats. Middle Cerebral Artery Occlusion 
(MCAO) is a widely used technique to induce transient focal 
cerebral ischemia in animal models. It has been 

demonstrated that the rat model of MCAO is an appropriate approximation 
of ischemic damage. 

gamma-tocopherol enriched composition or a gamma-tocopherol 
metabolite enriched composition provided protection to the brain against 
damage and effects associated with cerebral ischemia 

Animal Assay for Behavioral Recovery after Cerebral 
Ischemia 

[0312] This assay is used to assess the efficacy of the test agents in 
behavioral recovery after cerebral ischemia induced 

in rats. Clinical behavior evaluation includes neurological examination, 
sensomotor activity and learning and memory behavior testing. 
What is claimed is : 

symptoms of a tissue ischemic condition in a mammalian subject, 
comprising administering to the subject an effective amount of a 
beta- tocopherol enriched tocopherol composition, and 
by said administering, reducing tissue damage related to said tissue 
ischemic condition. 

symptoms of a tissue ischemic condition in a mammalian subject, 
comprising administering to the subject an effective amount of a 
beta- tocopherol metabolite enriched composition, and 
by said administering, reducing tissue damage related to said tissue 
ischemic condition. 

3. The method of claim 1 wherein said tissue ischemic condition is 
selected from the group consisting of cerebral 

ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; myocardial ischemia associated with myocardial 
infarction; myocardial ischemia associated with CHF, ischemia 
associated. 

4. The method of claim 1 wherein said tissue ischemic condition is 
cerebral ischemia. 

8. The method of claim 1 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 50% beta- 
tocopherol . 

9. The method of claim 1 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 75% beta- 
tocopherol • 

10. The method of claim 1 wherein said beta- tocopherol 
enriched tocopherol composition comprises at least 90% beta- 
tocopherol • 

11. The method of claim 2 wherein said beta- tocopherol 
metabolite enriched composition comprises at least 50% beta- 
tocopherol metabolite. 



12. The method of claim 2 wherein said beta- tocopherol 
metabolite enriched composition comprises at least 75% beta- 
tocopherol metabolite. 



13. The method of claim 2 wherein said beta- tocopherol 
metabolite enriched composition conprises at least 90% beta- 
tocopherol metabolite. 

18. The method of claim 1 wherein said composition comprises a 
beta- tocopherol in a range of about 1 to about 1000 mg 

p^r kg body weight of said mammalian subject. 

19. The method of claim 1 wherein said composition comprises a 
beta- tocopherol in a range of about 1 to about 50 mg 

per kg body weight of said mammalian subject. 

20. The method of claim 1 wherein said composition comprises a 
beta- tocopherol in a range of about 10 to about 100 mg 

per kg body weight of said mammalian subject. 

23. The method of claim 21 wherein said tissue ischemic condition is 
selected from the group consisting of cerebral 

ischemia; intestinal ischemia; spinal cord ischemia; 

cardiovascular ischemia; myocardial ischemia associated with myocardial 
infarction; myocardial ischemia associated with CHF, ischemia 
associated. 

24. The method of claim 21 wherein said tissue ischemia is 
cerebral ischemia* 

67. The method of claim 65 wherein said tissue ischemic conditions is 
cerebral ischemia. 

83. The method of claim 82 wherein said tissue ischemic condition is 
cer^ral ischemia. 

85. The method of claim 82 wherein said non-alpha tocopherol is selected 

from the group consisting of gamma-tocopherol, beta- 

tocopherol/ delta- tocopherol, a gamma-tocopherol metabolite, a 

beta- tocopherol metabolite, and a delta- tocopherol 

metabolite. 
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